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CHAP. va, ne 
© eie Manner wherein Light , 
of refletcd, " 


E Reede uf 1 e oon. 

fidered, and explained Its Reflection is 

now to be inquired into (a). And firſt, for 4 

the Manner wherein it is performed.” 4 

When'a Ray of Light falls upon ay . 

tranſparent, Part or ail of it is reflett 2 

enters, it is ſuffocated and loſt within the Bo. 
When it falls upon a Zranſþarent Body, 

Pore of it 5s refletted, and Part enters; of 

what enters, ſome is alſo ſuffocated and loſt in 

mt 37 the reſt, when it arrives at the other 


22 The Subject of this In is diſtinguiſhed from that of 
br deb Name of tr as —— to explain the 


| Manner Rab Wee appear, when ſeen by reflected Light. 
"0 7 Side, 


. Of the Manner wherein Part III. 


Side, ſome of it is reflected there, the Re- 


mainder goes on and leaves the Body, unleſs. 


its Inclination to that Side exceeds a certain 


Degree; which if it does, it is all reflected 
| 5 And the Power whereby a Ray is re- 


ffected at this orber Side. of a Body (which for 


Diſtinction ſake, I ſhall hereafter be Jecond 
Surface) is ſtronger than that by which it 


would be reflected by the ſame Surface, were 


it about to enter the Body th there with an equal 
Degree of Obliquity. 

T The Degree of Inclination neceſſary to cauſe 

a total Refleftion' of a Ray at the ſecond Sur- 


face of a Medium, is that which 1 requires that 
the refracted Angle (was the Ray ſuppoſed "to - 
paſs out there) ſhould be equal to, or greater 
than a right one; and conſequently it depends 
on the refractive Power of the Medium through 


Which the Ray paſſes; and is therefore dif- 

ferent in different Media. When a Ray 
paſſes through Glaſs ſurrounded with Air, and 
is inclined to its ſecond Surface under an 


Angle of 42 Degrees or more, it will be 
W refeBed there (9): Fi or ak 11 1s to fe 


£ 


3) From hence it follows, that when a Ray of fLipht arriyes 


at the ſecond Surface of a tranſparent Subſtance with as great or 


greater Degree of Obliquity, than that which is neceſſary to 
make a total Reflection, it will there be all returned back to the 


as it did towards the other (which it will do, if the Surfaces of 
the Medium be parallel to each other) it will there be all reflected 
again, Cc. and will therefore never get out, but paſs from Side 
{9 Sige, till it be wholly ſuffocated and loſt within the Body. 


From 


5 firſt; and if it proceeds towards that with as great an Obliquity 25 


= 


5 9 ST” * * p — * 
n 7 
* 
1 


Chap. VIII, Light zs reflected- 3 


(rhe Re of Refraction out of Glaſs into Air) « +7" 


o is the Sine of, an Angle of 42 Degrees to a 

fourth Number, that will exceed the Sine of a 
When Light paſſes out of a denſer into a 

rarer Medium, the nearer the ſecond Medium 
approaches the firſt in Denſity (or more pro- 


perly in its refractive Power) the leſs of it 


will be reflected in paſſing from one to the 
other; and when their refracting Powers are 
equal, all of it will paſs into the ſecond Medium. 
Whether Light be reflected from the firſt 
or ſecond Surface of a Body, the Law it ob- 
ſerves is this, viz. That the Angle , Reflection 
of. each Ray ſhall be equal to the Angle of Incis 
. ² A OS 
By the ge of Refleftiqn is meant the 
Angle comprehended between a Perpendiculat 
to the Surface at the Point where the Reflection 
is made, and the reflected Ry. 
Prom hence may ariſe an obvious Inquiry, how it comes to 
aſs that Light, falling very obliquely upon a Glaſs Windo - 
m without, ſhould be tranſmitted into the Room? In Anſwer + 
to this, it muſt be conſidered, that however obliquely a Ray 
falls upon the firſt Surface of any Medium whoſe Sides Are parallel, 
(aas thoſe of the Glaſs in a Window are) it will ſuffer ſuch a Degree 
of RefraQion in entering there, that it ſhall fall upon the ſecond 
with a leſs Obliquity than that which is neceſſary to cauſe a 
total Reflection. For Inſtance, let the Medium be Glaſs, as ſup- 
T8 in the preſent Caſe, then as 17 is to 11 (tue Ratio of Re- 
ion out of Air into Glaſs) ſo is the Sine of the largeſt 


Angle of Incidence with which a Ray can fall upon any Surface, 

- _ to the Sine of a leſs Angie than that of total Reflection. And 
therefore, if the Sides of a Glaſsbe parallel, the Obliquity, with 
which a Ray falls upon the firſt Surface, cannot be fo great, but 

that it ſhallpaſs the ſecondwithout ſuffering a total Reflectionthere. 


90 | 7 | 
. 


6 07 W bed Light Bajo 


Theſe are all the Circumſtances attending the 
: RefleQion of Light neceſfary to be taken No- 


tice of at preſent * There are others, but they ' 


reſpect the Doctrine of Light and Colours not 
yet explained; we ſhall eber paſs a by by 
till we treat of that Subject, and in the mean 
Time proceed toconfider the Reflectionof ne 
from . and ſpherical Surfaces, 


8 KH K P. . - f 


5 of hy, Reflection of Light 8 plain 
8 and ſpherical Surfaces. 


2 was obſerved in the foregoing Chapter, | 
I that the Law. of Reflection is ſuch, that 
the Angle of Reflection of each Ray ſhall be 
equal to the Angle of Incidence of the ſame, 
From whence the ſeven following Propoſitions 
relating to the Reflection of Li 4 — from plain 
and ſpherical Surfaces may be 9 bg. 
„ Ne: of Light reflected from a plain Sur- 
ace have the ſame Degree of Inclination to each 

other that their reſpective incident ones have. 
For the Angle of Reflection of each Ray be- 
ing equal to that of its reſpective incident one, 

it is evident that each reflected Ray will have 
the ſame Degree of Inclination to that Portion 
of the Surface from whence it is reflected, that 
its incident one has; but it is here ſuppoſed 
5 that, all thoſe Fortions of Surface from ths 8 
| 8 


1 Surface, are render' d converging. 


* 


Ch. IX. pkin and pberibargurfhcgs. 7 


the Rays are reffected, art ſititated" in the fame 
Plain; conſequently the reflected Rays wilt 
have the fame Degree of Inclination to“ each 
other that their incident ones have; Fomwhats | 


over Fart of the Surface they are reflected. 


See this and the following Propofitions eu 


preſſed more determinately, p29 demonfiroted ir 
| be Note below (a). 


II. Parillel Rays, reflecbet ffem 4 Sides 


{a) Propoſition pK | 


the of Rays lain & 
2 por — 2 2 if io diverge,” the 


Focus of 25 —9 Rays will be at the ſame Diftance behind 


the Surface, that the Radiant Point is before it : If they converge, 
it vill. be at the ſame Diftance before the Surfact,: that bat the 
imagine?) Focus of the incident' Rays is behind it. 


This W admits of two Cafes, 
Caſe I. Of diverging Rays. 


Des. Let AB, AC (pig. 45-) be two diveryitig"Rays incl 
dent in the plain © (Fig: vg; the one ee the 


_ ether obliquely; the ndicular one AB will be reflected to 


A, proceeding as from ſome Point in the Line AB produced 
the 1 one AC will be reflected into ſome Line CF, ſuch 
that the Point G, where the Line FC produced interſects the 


Line AB produced alſo, ſhall, be at an equal Diſtance from 


= Surface DE with: 12 Nadiaur A. For the Perpendicular | 
CH being drawn, A and HCE will be the Angles of Inci- - 


dence and Reflection, which being equal, their Complements 
.ACB and FCE are ſo too: But the Ang e BCG isequal to FCE, 
- _ as being vertical to it; therefore in the Triangles ABCandGBC 


the Angles at C are equal, the Side BC is common, and the 


_ Angles at B are alſo equal to each other, as being right ones; 
therefore the Lines AB 


at C, are alſo equal, and conſequently the Point G, the Focus of 


and BG, which reſpect the equal Angles 


the incident Rays AB, AC, is at the ſame Diſtance behind the 
1 that the Point A is before it. Q. E. D. 


a4 cn 


3. Of che Reſle gion of Light rom 
_ 0 illuſtrate this, let AF, CD, EB, (Fig. 


43.) repreſent three parallel Rays falling upon 
E een Surface FB, whoſe Center is C. 
Jo the Points F and B draw the Lines CF, 
CB; theſe being drawn from the Center will 


© © "Caſe: Of converging Rays. 3 
This is the Converſe of the former Eaſe. For ſuppoſing FC 
and AB to be two converging incident Rays; CA and BA will 
e the reflefgd ones (che Angles of Incidence in the former 
Caſe being now the Angles of Reflection, and vice wver/a) 
having the Point A for their Focus; but this, from what was de- 
monſtrated above, is at an equal Diſtance from the reflecting 
uf face with the Point G, which in this Caſe is the imaginary 
Focus of the incident Rays, FC, and AB. DI | 
Ob/erwat. I. It is not here, as in the Refratition fe Rays in 


«5. _, a <2 rite 
- $I % 3 oi 


paſſing through a plain Surface, where ſome of the refracted Rays 
| proceed as from one Point, and fome as from anothen (See Obſervat. 
I. Chap. 3. in the Notes) but they all proceed after RefleFion as 
from one and the ſame Point, however obliquely they may fall up- 
on the Surface ; for what is here demonſtrated of the Ray ACy 
holds tqually of any other, al Al, AK, &c. . 3 | 
The Cale of parallel Rays incident on a plain Surface, is in- 
cluded in this Propoſition ; for in that Caſe we are to ſuppoſe 
the Radiant to be at an infinite Diſtance'from the Surface, and 
then by the Propoſition, the Focus of the reflected Rays will be 
ſo too; that is, the Rays will be parallel after Reflection, as they 
aun . Lot Rt ee ee 
A position II. ON 
3 of the Reflection of parallel Rays from a ſpherical Surface. © 
ben parallel Rays are incident upon a ſpherical Surface, the 
Focus of the refleted Rays will be the middle Point between the 
Center of Convexity and the Surface. TP OE 8 
This Propoſition admits of two Caſes. 
Caſe I. C parallel Rays falling upon à convex Surface. 
© Dem, Let AB, DH, (Fig. 46.) repreſent two parallel Rays 
incident on the conyex Surface BH, the one parpantientarty; the 
other obliquely ; and let C be the Center of Convexity ; ſup- 
& HE to be the reflected Ray of the oblique Incident one 
H proceeding as from F, a Point in the Line AB produced. 
Through the Point H draw the Line CI, which will bes 
K&D © 5 „5 perpendicular 


\ 


- 


13 


Ch. IX. plain and ſpherical Surfaces. 9 
be perpendicular to the Surface at thoſe Points · 
The incident Ray CD alſo paſſing through 
the Center will be perpendicular to the Sur- 
face, and therefore will return after Reflection 
in the ſame Line; but the oblique Rays a | 


poten dicular to the Surface at that Paint, and the Angles DHL 
andIHF, being the Angles of Incidence and Reflection, will be equal, 
Jo the. former of theſe, the Angle HCF is equal, the Lines AC 
and DH being parallel, and to the latter the Angle CHF as being 
Vertical; wherefore the Triangle CPH is 1/o/celes;\ and conſe- 
quently the Sides CF and FH are equal: But ſuppoſing BH to 
vanib, FH is equal to FB, and therefore upon this Suppolition - 
FC and FB are equal, that is, the Focus of the reflected Rays 
is the middle Point between the Center of Convexity int the 
Surface. Q. E. ). N "MS 
Caſe II. Oo arallel Rays falling upon a concave Surface. 
Dem. Let AB, DH (Fig. 47.) be two parallel Rays incident 
on the Concave Surface BH the one perpendicular, the other - 
dbliquely; and Tet the Center of Concavity be C: Moreover 
let BF and HF be the feflected Rays, meeting each other in F; 
this will be the middle Point between B and C. For 8 
the Perpendicular CH through C, the Angles DHC an 
FHC, being the Angles. 25 Incidence and Neflection, will be 
equal; to the former of which the Angle HCF is equal, as 
3 and therefore the Triangle CFH is Jſceles. 
Wherefore CF and FH are equal: But if we ſuppoſe BH. 
to vaniſh, FB and FH are alſo equal, and therefore CF is 
equal to FB; that is, the focal Diſtance of the reflected 2 
is the middle Point between the Center and the Surface, Q. E. D. 
Obſer vat. II. It is Here obſervable, that the farther the Lins 
DH, either in Figure 46 or 47, is taken from AB, the nearer 
| the Point F falls to the Surface. For the farther the Point H re- 
eedes from B, the a the Triangles CFH will become ; and con- 
Sequently fence it is a 
he Radius, , every where 4 the ſame Length, the equal Lag 
CF and FH will lengthen; but CF cannot grow longer unleſs bs | 
Point F approach towards the Surface. And the farther H is re- 
. moved from B, the faſter F approaches to it. 
This'ts the Reaſon, that whenever parallel Rays are conſidered, 
as refleted from a ſpherical Surface, the Diſtance of the oblique ane 
VR IN . ̃—— . ³˙ Wn 


ways an Iſoſceles one, and the Baſe CH, being a 


a 


; Th 1 N 
" - . 3 
* 7 — 4 . >. x * > „ 44 


and ER will be reflected into the Lines FN 
and BM, ſituated on the contrary Side their 
reſpective Perpendiculars, CF and CB. They 
wit therefore proceed converging after Rev 
ffection towards ſome Point as M, in the Eine 
CD; which Point, by what is demonſtrated in 
the Note laſt referred to, will be in the Middle 
— . 4-1-1086 


from the perpendicular one is taken ſo ſmall with reſpect to th 
focal Diſtance of that Surface, that without any phyſical Error = 
it may be ſuppoſed to vaniſh. "Bs 33 
From hence it follows, that if a Number of parallel Rays, ar 
AB, CD, EG, Oc. 7 a convex Surface, as expreſſed Fi- 
Fure 48, and if BA, DK, the reflected Rays of the incident 
ones AB, CD, proceed as from the Point F, thoſe of the incident 
ones CD, EG, viz. DK, GL, vill proceed: as from NV, thoſe 
of the incident ones EG, HI, as from O, Ce. becauſe the farther, 
' the incident ones CD, EG, Sc. are from AB, the nearer" to the 
Surface are the Points F, „, f, in the Line BE, from which they 
proceed after Refle&ion ;1 Jo. that properly the Foci of | the reſecteu 
Rays BA, DK, GL, oc. are not in the Line AB produced, but 
in a curve Line paſſing through the Points F, N, O, &se, . 
The ſame is applicable to the Caſe of parallel Rays refle 
from à concave x as expreſſed by the fricked Lines onthe 
other half ef the Figure, where P, RS, TY, are theincident 
Rays; 2 F, Sf, Vf, the refleted ones interſeting each other in the 
Points X, V, and F; ſo. that the Foci theſe Rays art not inthe 
Line FB, but in a Curve paſſing through thoſe Points. oy I 
Had” the Surface BH, in Figure 7 or 4, been formed by. the 
Revolution of aParabola about its Axis, having. its Focus in 
the Point F, all the Rays refleted from the convex Surface would 
have proceeded as frim the Point P, and thoſe reflected from the 
Concave would have fallen upon it, however diftant their incident 
ones AB, DH, might have bren from each other, For in the 
Parabola, all Lines drawn: parallel to the Axis make, Angler 
avith the T angents 10 the Points where they. cut the Parabola (that 
is, with the Surface of the Parabola) equal to' thoſe which-are 
made with the {ame Tangent by. Lines drawn from thence to the 
Focus.” De L. Hoſpital Section, Conigues, Liv. I. Prop. 5.) 
Therefore, if the incident Rays deſcribe thoſe parallel Lines, the 


reflected 


Ch. x. planen Pbertelse Burke. x 1 
III. Converging Rays falling on che like Surs 


| face are made to converge more. | 
For every thing remaining as above, let 


GF, HB, be the incident Rays. Now be- 
cauſe theſe, Rays have larger Angles of Inci- 
dence than the parallel ones AF and EB 
in the foregoing Caſe, their Angles of Re- 


flection will alſo be larger than theirs; uy 
will therefore converge after Reflection, ſuppo 


in the Lines FN, and BN, having their Point of 


Con- 


e ee ee 0b es and fo ll ol 

Pavan ar roms, or meet in the ſame Point. | 
Propoſition III. | 

Of the Reflection of aa converging Rays from a oberial 


In Rays fall upon any ſpherical Surface; if the they diverge, verge, the + 


* ance f the Focus of the refletd Rays from 1% fate is to wa 
5 — % theRadiant Point from the ſame (or, if . 


to that" ef the" imaginary Focus of the e Ba) as the De Dif. 
tance of the Focus of the'refleted Rays the Center is to the 
* 2 of the Radiant Point (or NEG Focus f the ions 
This Propoſition admits of ten Caſes. 
Ca. Of diverging Rays falling upon a cores Surface. 


Den. Let RB; RD (Fig. 49.) repreſent two Ra 
flowing from the Point R ee Radiant, and lng, the 


one perpendicularly, the other obliquely, on the convex Surface | 


' BD, the Center of which is C. Let DE be the reflected Rayof 


the incident one RD, produce ED to F, and through R draw | 


the Line RH parallel to FE till it meets CD produced in H. 
Then will the Angle RHD be equal to EDH, the Angle of 
Reflection, as being alternate to it, and therefore equal allo to 

RDH which is the Angle of Incidence ; wherefore the Triangle 


DRH is /ocelez, and conſequently DR is equal to RH. No - 


the Lines FD and RH being parallel, the Triangles FDC and 
RH Care ſimilar, (or to expreſs it in Euclid's Way, the Sides 
, ol the FEATS RHC are cut PETITE (2 Elem. 6.) and 


* 


% 


\ 


Concourſe N farther from C than the Point 
M; that to which the parallel Rays AF and 
Eg converged to in the foregoing Caſe: And 
their preciſe Degree of Convergency, as deter- 
mined in the Note, will be greater than that 
-" Wherein they converged before Reflection. 
IV. Diverging 8 falling upon the like 
Surface, are after Reflection parallel, diverging, 
or converging. If they diverge from the Focus 
of parallel Rays, they then ee if 


T ++ Ew F 


therefore ED is to RH, or its equal RD, as CF. to CR; Yar | 
BD vaniſbing, FD and RD differ not from FB and RB, where 
fore FB is to RB alſo, as CF to CR; that is, the Diſtance o 
the Focus from the Surface is to the Diſtance of the Radiane 
Point from the ſame, as the Diſtance of the Focus from the 
Center is to the Diſtance of the Radiant from thence. Q. E, D. 
Ca ſe II. Of converging Rays falling upon a concave Surfaee. 1 
Dem. Let KD and CB be the converging incident Rays, 
having their imaginary Focus in the Point R, which was the 
Radiant in the foregoing Caſe. Then as RD was in that Caſe - 
reflected into DE, KD will in this be reflected into DF; far, 
ſince the Angles of Incidence in both Caſes are equal, as they 
are by being vertical, the Angles of Reflection will be fo too; 
ſo that F will be the Focus of the reflected Rays: But it was 
there demonſtrated that. FB is to RB as CF to CR, that is} the 
Diſtance of the Focus from the Surface is to the Diſtance (in this 
Caſe) of the imaginary Focus of the incident Rays, as the Diſ. 
_ tance of the Focus from the Center is to the Diſtance of the 
' imaginary Focus of the incident Rays from the ſame... Q. E. D. 


© Caſe III. Of converging Rays falling upon a convex” Surfac, 
and tending to a Point between 155 ” of parallel 857 27 
the Center. JFC 
Den. Let BD(Fig. go.) repreſent a convex Surface, the Center 
of which is C, and Focus of parallel Rays'P.; and let AB, KD, 
be two converging Rays incident upon it, and having their ima- 
ginary Focus at R, a Point between P and C. Now becauſe 5 


f 


: 


— 2g | 


from a: Point nearer to the Surface than that, | 


they will diverge, but in a leſs Degree than be- 


fore Reflection; if from a Point between that and 


the Center, they will converge after Reflection, 


and that to ſome Point on the contrary Side of 
the Center, but ſituated farther from it than 
the Point they diverged from: If the inciden 


Rays diverge from a Point beyond the Center, 


| the reflected ones will "converge to one on 
me other Side of it, but nearer to it than 
enen e eee n ee ee SAGE: 


55 8 * £73 III *# $i 111 6 | 91 80 2 3 1118 * 7 
tends; to a Point between the Focus of parallel Rays and the 
Center, the refleQed Ray DE will diverge from. ſome Point 
the other Side the Center, ſuppoſe F ; as explained above in the 
Text under Propofition the VIth. Through D draw the Per- 
dendicular CD, and produce it to H, then will KDH and HDE 
the Angles of Incidence and Reflection, which being equal, 
their vertical ones RDC and CDP will be ſo too, and therefore 


* 
oy 


the vertical Angle of the Triangle RDF is biſected by the Line 
De; Wherefore (3 El. 6.) FD and DR, or, BD vaniſhing, FB 


and BR are to each other as FC to CR; that is, the Diſtance of the 
Focus of the reflected Rays is to that of the imaginary Focus of the 
incident ones, as the Diſtance of the former from the Center is 
to the Diſtance of the latter from the ſame. Q. E. D. 


Caſe IV. Of b e Rays falling pon 4 concave Surface, 55 


and proceeding from 
the panes, is 4 


Dem. Let RB, RD, be the diverging Rays incident upon the 
concave Surface BD, having their Radiant in the Point R, the 
imaginary Focus of the incident Rays in the foregoing Caſe. 
Then as KD was in that Caſe reflected into DE, RD will now 
be reflected into DF. But it was there demanſtrated that FB and 

B ate to each other as CF to CR; that is, the Diſtance of 
the Focus is to that of the Radiant, as the Diſtance of the former 
OE = Center is to the Diſtance of the latter from the ſame. 


int between the Focus A rows Rays and 


x 


"The Angles of Incidence and Reflection being equal, it is evident, 


(pat if is any Caſe the reflected Ray be" made the incident hy: 


. y 
” 
2 - 


7 


direrge from the Center, they will, be reflected 


— of Ligh, from 


D, od ett nn fe IR 
1. Let them diverge in the Lines MF, Ms 
proceeding from M, the Focus of parallel 
Rays; then as the parallel Rays AF and EB 


were reflected into the Lines FM and BM, 


* 


- 
” IS 


- 


| four EE ; 


ginary Focus of the incident Rays om the fame. Q. E. D. 


(Propofit. 2.) theſe: Rays will now, on the con- 
trary, be reflected into them 1 


2. Let them diverge from N a Point neater 
to the Surface than the Focus of parallel Rays, 
they will then be reflected in to the diverging 
the incident ill became 2 re Funder, ore th 2 
Howwing Caſes may. be canſidered reſpectiwely as the Convenſe of the 
* for in each of them the incident Rays are Suppoſed | 
10 coincide with the reflected ones in the other. Or they may be de- 
monftrated independently of them, as follows. ; 2 


Caſe V. Of converging Rays falling upon a convex Surfare, 


| end ending 40 a Point nearer the Surface than the Focus of parallel 


Rays. N | 

Dem. Let ED, RB (Fig. 49.) be the converging Rays inci- 
dent upon the convex Sur 5D, the Center of lich is C, and 
Focus of ue Rays is P; and let the imaginary Focus of the 
incident Rays be at F, a Point between P · and B, and let DR'be 


the reflected Ray. From C and R draw the Lines CH, RH, the 


one paſſing through D, the other parallel to FE. Then will the 
Angle RIIb be equal to HDE, the Angle of dacidence, as alter- 
naie toit, and therefore equal to HDR, the Angle of Reflection; 


Where fore the Triangle HDR is 1//celes, and conſequently DR 


is egual to RH, Now the Lines FD and RH being parallel, 

the Triangles FDC and RHC are fimilar, and therefore M, or 
RD, is to FD as CR to CF: but BD vaniſhing, RD and F 

coincide with RB and FB, wherefore RB is to FB as CR to CF; 
that is, the Diſtance of the Focus from the Surface is to the 
Diſtance of the ys con Focus of the incident Rays, as the Diſ- 
tance of the Focus from the Center is to the Diſtance of the ima- 


Caſe 


* 


Ch. IX. plain and ſpherical Surfaces. 18 
GF and HB deſeribed, that were ſhewn to be 
reflected into them in the foregoing Propo- 
ſition; but the Degree wherein they diverge, 
as demonſtrated in the Note, will be leſs 
than chat Wharein they. ad befote Nee 


| * them proceed diregiog foot Xuck 
Pane between the Focus of parallel Rays 
and the Center, they then make leſs — 
af Incidence than the Rays MF and MB 
which became parallel by Reflection, they will 
conſequently have leſs Angles of Reflection, 
and proceed therefore converging towards ſame 
Paint as Y; which Point will always fall on 
18 3 Side of (the . —— 2 
| | e 


"Cab VI. 0 diverg Kew falling apona concave Surface, oat 
. 72 a Fin ene the Teen of Parallel Rays a. 


1 Let FD and FB repreſent two diverging n 
from the Point F as 2 Radiant, which was the imaginary Focus 
of che incident Rays in the Caſe. Then as ED was in 
that Caſe reſlocted into DR, F be reflected into DR, (for 
the Reaſon mentioned in Caſe the — ſo that the refleted 
Ray will proceed as from the Point R: But-it was demonſtrated 
in che Caſe immediately before-going, thatRB is to FB as CR to 
CF; that is, the Diſtance of the Focus from the Surface is to that 
of che Radiant from the ſame, as the Diſtance of the former from 
the Center is to that of the latter from the ſame. Q. E. D. 

: Caſe VII. Of converging Rays 22 upon A convex * 
and tending towards a Point beyond the Center. 

Dan. Let AB, ED, (Fi + 50.) be the incident; Rays dg 
to F, a Point be ond the Center C, and let DK be the reflected 
Ray of the i one ED. Then becauſe the incident Rar 


7 % 
1. 5 
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| fected Ray always falls on the contrary Side tho 
_ Perpendicular with reſpect tothat on which its in- 
eidentone falls; and, as demonſtrated in the Note, 


it will be farther diſtant from the Center than Xx. 


4. If the incident ones diverge from T, 4 U 7 
will after Reflection converge to X, thoſe which 


were the incident Rays in the former Caſe re 
the reflected ones in this. 


And laſtly, if the incident Rays ned 
| from the Center; t 
ſpective Perpendiculars, and for chat Reaſon 

are reflected thither again. | 


fall in with their re- 


V. Parallel Rays reflecting from a convex: 


| Surface are rendered-diverging. © 7 
To ſhew this, let AB, GD, EP, (Fig. 44.) . 
1 parallel _ — upon the convex 


Sur» 
ED Bs to a Point ER the Die -the 8 Ray DK 


will proceed as from one on the contrary Side, ſuppoſe R; asex- + 
eee in the Text under Propoſition the VIIth. Through D 


raw the P W CD and produce it to H. Then will 
EDH and 1 K be the Angles of Incidence and Reflection, 
which being equal, their vertical ones CDE and CDR will be ſo 


too: Conſequently the vertical Angle of the Triangle FDR is bi- 


ſeed by the Line CD: Wherefore (3 Elem. 6.) RD is to DF, 
or, BD vaniſhing, RB is to BE as RC 


to CF ; that is, the Di.. 
tance of the Focus of the reflected Rays is to that of the i imagi-. - 


nary Focus of the incident Rays, as the Diſtance of the former 
from the Center is to the Diſtance of the latter. from the ſame. 


QUE. D. 


Caſe VIII. Of diverging Rays "Fallin upon @ concave e [ 


and proceeding from a Point beyond the Center. 


Dem. Let FB, FD, be the incident Rays kaving their Radiant 
in F, the imaginary bean, of the incident Rays in the foregoin 
E 


Caſe. Then as was in that Caſe reflected into DK, F 


will now be reflected in DR; ſo that R will be e Ts of the. 


fe: 
1 
« 
» 
” - * 


; 


- 


Strfice BF whoſe Center of - Convexity-is C, 


cular to the Surface : Through B, D, and F, 


the Points of Reflection, draw the Lines CV, 


and let one of them, vis. GD, be perpendi- 


the Center, will be perpendicular to the Sur- 


face at thoſe Points. The incident Ray GD 


being perpendicular. to the Surface, will re- 
turn after Reflection in the ſame Line; but 


S: 4 


incident on the convex SurfaceBD, and tending towa 


we will zowo ſuppoſe to be the Focus of parallel Rays; and let DBR 
be the reflected Ray, and C the Center of Convexity of the 


| Vor. II. 


the oblique ones AB and EF, in the Lines 


their reſpectibe Perpendiculars BV and FT. 


They will therefore diverge after Reflection, 
as from ſome Point M, in the Line GD 


produced; which Point, as demonſtrated in 


the Note, will be in the Middle between D 
„ 3 


— 


* . * 
"© IF 
+ ; | I 
© To %.x y * | 
8 : p \ * 
* 
» 


reflected Rays. But it was demonſtrated in the foregoing Caſe, 


that RB is to FB as RC to CF; that is, the Diſtance of the Focus 


of the reflected Rays from the Surface is to the Diſtance of 


14 
The two remaining Caſes may de conſidered, as the Converſe of 


thoſe under Propoſition the ſecond of this Note, becauſe the inci- 


dent Rays in theſe are the reflected ones in them; or they may be 


demonſtrated in the ſame Manner with the foregoing, as 9 


Caſe IX. Converging Rays alling upon a convex Surface, and tend- 
ing to the Focus of parallel Rays, become parallel after Refledtion. , 
Dem. Let ED, RB, (Fig. 49.) repreſent two ya Rays, 
rds F, which 


reflecting Surface. Through C — the Line CD, and produce 
e e 


1 
4 


Bk and FL, fituated on the contrary Side of 


the Radiant from the ſame, as the Diſtance” of the Focus 


of the reflected Rays from the Center is to the Diſtance of 
the Radiant from thence. Q. E. D. 75 . 


K 


18 07 ts Reflection of Light Goat: 


VI. Diverging Rays reflected from the like 
e are rendered more diverging. 

For, every Thing remaining as ahve, Jon. 
GB, GF, be the incident Rays. Theſe having 
 Jarger Angles of Incidence than the parallel 
ones AB and EF in the preceding Caſe, 

| hay Angles of Reflection will alſo be larger 

than theirs ; they will therefore diverge after 
Reflection, ſuppoſe in the Lines BP and FO. 
as from ſome Point N, farther from C than 
the Point M; and the Degree wherein they 
will diverge, as determined in the Note, 
will exceed that as e . ee, 
nen 1 | = 1 RA 


- 


g 
* 


it to H, hs RH Leal to ED produced to p. TAN 5 
been demonſtrated (Caſe g.) where the incidentRays are ſuppoſed 
do tend to the Point F, that RB is to FB as RC to CE: But F 

In this Caſe being ſuppoſed to be the Focus of parallel Rays, it is 
the Middle Point between C and B (by Propoſition zd) and 
therefore FB and FC are equal, and conſequently the two other 
Terms in the Proportion, viz. RB and RC, muſt be ſo too; which 
can only be upon a Su poſition that R is at an infinite Bilance 
from B; that is, that he reflected 2 d BR and DR be N 


Q. E. b. . 
Caſe X, Diver Il alling upon a concave Surface, ans 
proceeding from 7 Fee ocus 2 1 Rays, become parallel after 
 Refleftion. | 
Dem. Let RD, RB (Fig, o.) be two diverging Rays incident 
n the concave Surface BD, as ſyppoſed in Caſe the fourth ; 
ere it was demonſtrated that FB is is to RB as CFroCR. But 
* the preſent Caſe RB and CR are equal, becauſe R is ſuppoſed 
to be the Focus of parallel Rays; therefore FB and FC are ſo 
too. Which cannot be unleſs F be taken at an infinite Diſtance, 
from B; that * 7 the en W * — DF be 
. QE. D. | 
a 4 Obſerratt 


" 8 


— 1 

5 as 7 
Sa 

+ # 0 


* 
4 : 
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Ee! VII. Converging Rays reflected from th . 2 ; 


Uke Surface, are parallel, converging or di- 


verging. If they tend towards the Focus of | 


9 


1 Rays, they then become parallel; if 


to a Point nearer the Surface than that, they _ 
converge, but in a lefs Degree than before Re- 


flection; if to a Point between that and the 
Center, they ſhall diverge after Reflection, as 
from ſome Point on the contrary Side of the Cen- 


ter, but ſituated rather from it than the Point 


they converged to; if the incident Rays con- 


verge to a Point beyond the Center, the re- 
flected ones will diverge as from one on the 
contrary Side of it, but nearer to it than the 


Point which the incident ones converged to: 
And if the incident Rays converge towards the 
- Center, the reflected ones will proceed as from 


thence, 


% 


1. Let 
5 | a hed 37. 4 e I 
Obſervat, 3. 7: is here obſervable, that in the 000 F di verging 


Rays falling upon a convex Surface (ſee Fig. 49.) the farther the 


Point D is faden from B, the nearer the Point F, the Focus of . 


the reflected Rays,” approaches to B, while the Radtant R remains 


the Jame. For it is evident from the Curvature of a Circle that 
the Point D (ſee Fig. 51.) may be taken ſo far from B, that the 


 refletied Ray DE ſhall proceed as from F, G, H, or tven from B, or 
from any Point between B and R, and the farther it is taken from 
, the faſter the Point, from which it proceeds, approaches towards. 


R As will eafily appear if we draw ſeveral incident Rays with. 
their reſpefive refleted ones, in ſuch Manner that the Angles of 
Reflection may be all equal to their reſpetive Angles of Incidence, 


ii dong in the Figure, The like i; applicable to any of the other 


= 
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Caſes diverging or converging Rays incident upon a ſpherical 
a hy This is the Reaſon that, when Rays are confidered as 


: 
” 


Incident upon the convex Surface BD at the ſeveral Points B, D, D, 


' the Line RB produced, but as from a Curve Line paſſing through + 
the ſeveral Points F, f, f, &c. The ſame is applicable in all the 


f 1 


20 Of the Reflection of Light from 

1. Let them converge in the Lines KB and 

IF tending towards M the Focus of parallel 

Rays; then as the parallel Rays AB, EF were 

elected into the Lines BK and FL (Pe- 

204 2 thoſe Rays will now on the contrarß 
r A 


0 
be reflected into them. ee 8 
2. Let them converge in the Lines PB, QF, 


tending towards N, a Point nearer the Surface 


than the Focus of parallel Rays, they will then 

be reflected into the | converging Lines BG. 
and FG, in which the Rays GB, GF, pro- 
cCeeded that were ſhewn to be reflected into 


them 


3 


reflected from a-ſpherical Surface, the Diſtance of the oblique Rays 


From the perpendicular one is taken ſo ſmall, that it may be ſuppoſed 


10 vaniſn, or become ſo ſmall as to bear no aſſignable Proportion to BR. 
From hence it follows, that if a Number of diverging Rays are 


&c. they" ſhall not proceed after Reflection as from any one Point in 


other Caſes. 


Had the Curvatare BD (Fig. 49.) been Hyperbolical, having 
its Fociin R and F, then, R being the Radiant (or the imaginary 


Focus of incident Rays). F would bam been the Focus of the refledted. 
ones,. and vice yerſa, however diftant the Points B and D might 


bie taken from each other. In like Manner had the. Curve BD: 


if - 


(Fig. 0. been Elliptical, having its Foci in and R, the one of 
theſe being made the Radiant (or imaginary Focus: of incident 


Rays) the other would' have been the Focus of the reflected ones, 


nd vice verſa. For both in the Hyperbola and Ellipfis, Lines 


drawn; from each of their Foci through any Peint make equal Angles. 


- with the Tones to that Point; (De L' Hoſpital: Section: Co- 


niques, Liv. | 
the incident Rays proceed to or frum one of their Foci, the rere 


x ones - 


Prop. 8.5 Liv, IH. Prop. 11.) Therefore. f 


if. 


[ { 


do © 0, CAD. ne ot MS: gt _—_ 
7 
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((( 


but the Degree wherein they will converge, as 
demonſtrated in the Note, will be leſs than 
that wherein they converged before Reflexion; . 
3. Let them converge-in the Lines RB and 


SF proceeding towards X, a Point between 
the Focus of parallel Rays and the Center; 
their Angles of Incidence will then be. leſs 


than thoſe of the Rays KB and LF which. - 


became parallel after Reflection, 3 


\ 
* 


ones will all proceed, as from or to the other. Henee, in order that. 
diverging or converging Rays may be accurately reflected to or from 
a Point, the refleting Surface muſt be formed by the Revolution of 

an Hyperbola about its longer Axis, when the incident Rays are 
fuch that their Radiant, or imaginary Focus of incident Rays, ſhall 


fall on one Side the Surface, and ths Focus of the reflected ones 
on the other : and when they are both to fall on the ſame" Side, it 
mu be formed by the Revolution of an Elliplis about its longer Axis, 


However, upon Account FA the great Facility wvith which ſpherical 
Surfaces are formed, in Compariſon of that with which Surfaces, 


formed by the Revolution of any of the Conic Sections about their 
Axes; are made; the latter are very rarely" uſed. Add" to this © 


another Inconvenience, viz. that the'Foci of theſe Curves 37 


Marbemarical Points, it is but one Point of the Surface of an O 


ject᷑ that can be placed in any of them at'a Time, ſo that it is only 
in Theory thar Surfaces f —— by the Revolution of theſe Curves 
about their Axes render Reflection perfect, except inthe Inſtance off  . 
parallel Rays. : „ e 3 : p 


No, although the focal Diſtance of Rays refleRted-from a | 


erical Surface cannot ſo readily be found by the Aualogy laid 

wn in the third Propoſition of this Note, becauſe we have 

to uſe the Quantity ſought ; yet it may be very eaſily done 

a——_ An Inſtance of which you have in the following 
rodiem, 9 ö 


Prob, Let it be required to ſind the focal Diſtance of diverging | 
Rays incident upon a Las Surface ; and let the * « 
be rn © 5 3 925 | Con- 


3 
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22 Of the Reflection of Light from 
of Reflection will therefore be leſs, on which 
Account they muſt neceſſarily diverge, ſuppoſe 
in the Lines BH and FI, from ſome Point as 
V; which Point, for the Reaſon given under 
Propoſition the fourth, will fall on the contrary 


Side of the Center with reſpe& to X, and, as 


demonſtrated in the Note, will be farther from 


4. If the incident Rays tend towards V, the 


| reflected ones will diverge as from X, thoſe 


. 1 


Convexity be 5 ſuch Parts as the Diſtance of the Radiant from 


the Surface is 20 oy | 
Sol. Call the focal Diſtance ſought x, then will the Diſtance 


of the Focus from the Center be 5——x, and that of the Radiant 
from the ſame 25 ; therefore by the third Propoſition it is &: 20 
.2: 5 —x* 25, and, multiplying Extremes together and 
Means together, we have 25 x = 100 — 20 x, which, after 


due Reduction, ayes Xx, = 8 | 
If in 'any Caſe it ſhould happen, that the Value of x ſhould 


be a negative Quantity, the focal Point muſt then be taken on 


the contrary Side of the Surface to that on which it was ſup- 
Poſed it would fall in ſtating the Problem. | 


If Letters, inſtead of Figures, had been made uſe of in me : 
- foregoing Solution, a general Theorem might have been raiſed, 


, 


to determine the focal Diſtance of reflected Rays in all Caſes 


* 


whatever. See this done by Dr. Bron, in his Supplement to ö 
Gregory Optics, p. 112. Second Edit. e 3 


1 


' Becauſe it wasobſerved (Chap. III. in the Notes) that different = 


incident Rays, though tending to or from one Point, would after 
 Refratiion proceed to or as from different Points, a Method was 


there inſerted of determining the d;/in&# Point, which each ſepa- 
rate ray, entering a ſpherical ſurface, converges to, or diverges from 


- after Refraction: The ſame has been obſerved here with regard 
to Rays reflected from a ſpherical Surface, (ſee Ob/erwar. 2 800 
. . F n 'Þ 


4 
, F4 


* 
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which were the incident ones in one Caſe, 
being the reflected ones in the other.. 4 
And laſtly, if the incident Rays / converge | 
towards the Center, they fall in with their 
teſpective Perpendiculars; on which Ac- 

, count they proceed after Reflection, as from 
ä e A ee 


but the Method of determining the diind Point, to or from 
which any given incident Ray proceeds after Reflection, is much 
A more ſimple. It is only neceſſary to draw the reſſected Ray ſuch, 
that the An le of Reflection may be equal to the Angle of In- | 
cCidence, which will determine the Point it proceeds to or from 
in any Caſe Whatever. 1 | 
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Light refefed from Pais and 2 
rical 8 ur faces. | 


IN — 5 Beginning of the Sen 8 in 
which was explained the Appearance of 
Bodies ſeen through rHracting Subſtances of 
various Forms, we laid down ſome Obſerva- 
tions reſpecting the apparent Situation of Bodies 
ſeen by refrafed Light: All which equally - 
reſpect the apparent Situation of Bodies ſeen by 
Reflection, to them therefore we refer the 
Reader. But beſides thoſe, there is one pecu- 


lar to the Subject of this Chapter, vis. That 


each Point in the Repreſentation of an Object 
made by Reflection appears fituated Somewhere | 
in an infinite right Line that paſſes through its 
correſpondent Point in the Object, and is . | 
PHPendicular to the reflecting Surface. _ 

The Truth of this appears ſufficiently from 
the ſeveral Propoſitions laid down in the fore- . 
going Chapter, in each of which Rays flowing 
from any Radiant are ſhewn to proceed af- 
ter Reflection to or from ſome Point in a 


Line that paſſes through the ſaid Radiant, and 


is perpendicular to the 3 Surface. For 


| W 15 8˙ 435) Rays from 1 


are 


# 


Of ile Appearance of Bodies, c. 28 
are collected in X, a Point in the Perpendi- 
cular CD, that, produced, paſſes: through 
again (Fig. 44.) Rays flowing from G proceed 
after Reflection, as from N, a Point in the Per- 


pendicular CD, that produced paſſes through 
; and ſo for the teſt (a. e 


= - 
by 

* 

4 


I. When an Object is ſeen by Reflection 
from a plain Surface, the Image of it appears 
at the ſame Diſtance behind the Surface that 
the Object is placed before it, of the hne 
Mugnitude thęrewith, and directly oppoſite to it. 
Io explain this, let AB (Fig. 52.) repreſent 
an Object ſeen by Reflection from the plain 

* Surface SV, and let the Rays AF, AG be ſo 
inclined to the Surface, that they ſhall enter 

an Eye at H, after. Reflection; and let AE be 

(e) This Obferyation, except where an Object is ſcen by Re- 

flection from a plain Surface, relates only to thoſe Caſes where the 

Repreſentation is made by means of ſuch Rays, as fall upon the re- 
flecting Surface with a very ſmall Degree of Obliquity; bgeauſe 
ſuch, as fall at a conſiderable Diſtance from the Perpendicular, 

proceed after Reflection, not as from any Point in that Perpen- 
dicular (ſee the ſecond and third Obſervations. in the Note to 
the. foregoing Chapter) but as from other Points, ftuated in a 
certain Fart, as there explained; upon which Account theſe 
Rays are neglected as forming a con fuſed and deformed Repre- 
ſentation. And therefore it is to be remembered, that hpW- 

ever the Situation of the Eye, with reſpect to the Object and 

_ refleting Sutface, may be repreſented in tlie following Figures, 

it is to be ſuppoſed. as fituated in ſuch Manner with reſped ta 

the Object, that Rays, lowing from thence, and enteringitafie 

Reflęction, may be ſuch only as fall with a very ſmall Degree of 

Obliquity upon the Surface; that is, the Eye mult be ſuppoſed 

to he placed almoſt dixealy behind the Object, or between, it 

and the reflecting Surface. The Reaſon why it is not always 
ſo placed, is only to avoid Confuſion in the Figures. 

5 1 . perpen⸗ 


* 


ns 07 hy Abacus Boller Sc. 


COR - rpepdicular to the Surface: Then by the ob- 


| N n juſt laid down, the Point A will ap- 
| * © ſome Part of the Line AE produced, 
3 Iʒ that is, the oblique Rays AF and AG 
will proceed after Reflection as from that 
Point; and further, becauſe the reflected Rays 
FH, GK, will have the fame Degree of Incli- 
nation to each other, that their incident ones 
have {as was ſhewn in the firſt Propoſition 
of the foregoing Chapter) that Point muſt ne- 
. ceflarily be at the ſame Diftance from the 
_ Surface that the Point A is; the Repreſenta- 
tion therefore of the Point A, will be at the 
fame Diſtance behind the Surface, that the 
Point itſelf is before it, and directly oppoſite | 
toit : Conſequently ſince the like may be ſhewn 
of the Point B, or any other, the whole Image 
I will appear at the ſame Diftance behind 
the Surface that the Object is before it, and 
directly oppopre to it; and becauſe the Lines 
Al, BM. which are perpendicular to the 
plain Surface, are for that Reaſon parallel to 
each other, it will alſo be of the ſame Mag- 
nitude therewith. As was to be ſhewn (5). 
II. When an Object is ſeen by Reflection 
from a . convex Surface, its Image appears 
- nearer to the ne and 1 * than the 
5 * 5 7 5 
Let 


So © \If the Object be el before a common Looking Glaſs, 
= vi 


iewed obliquely, three, foug, or more Ima 0 it. 
appear behind the Glaſs. X ; * ba 
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at E, and viewing it obliquely, as from L. 
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© Let AB (Fig. 34) repreſent the Obje&t, SV 


a reflecting Surface; its Center of Convexity 
is C: And let the Rays AF, AG, be fo inclined _ 
to the Surface, that after Reflection thereat, 


they ſhall enter the Eye at H: And let AE be 
perpendicular to the Surface. Then will the 
oblique Rays AF, AG, proceed after Reflection 


as from ſome Point in the Line AE * 1 
(by the Obſervation laid down at the Beginning 


of this Chapter) ſuppoſe from I; which Point, 
becauſe the reflected Rays will diverge more 


To explain this, let ABCD (Fig. 53.) repreſent the Glaſs, and 
let EF be the Axis of a Pencil of Rays flowing from E, a Point 
in an Object ſituated there. The Rays of this Pencil will in Part 
be reflected at E, ſuppoſe into the Line EG, (ſee che Manner in 
which Light is reflected, Chap. 8.) What remains will (after 
Refraction at F, which we don't conſider here) paſs on to H; 
from whence (on Account of the 8 which is Ipread 
over the ſecond Surface of Glaſſes of this Kind to-prevent any 


of the Rays from being tranſmitted there) they will be N 
reflected to K, where Part of them will emerge and enter an Eye 


at Li By this Means one Repreſentation of the ſaid Point will be 
formed in the Line LK produced, ſuppoſe in M. Again, ano- 
ther Pencil, whoſe Axis is EN, firſt reflected at N, then at O, 
and afterwards at I, will form a ſecond Repreſentation of the 
ſame Point at Q. And thirdly, another Pencil, whoſe: Axis is 
ER, after Reflection at the ſeveral Points R, 8, H, TJ, V, ſuc- 


ceſſively, will exhibit a third Repreſentation of the ſame Point 
at X; and ſo on in infinitum. The ſame being true of each Point 


in the Object, the whole will be repreſented in the like Manner; 


bat the Repreſentations will befaint, in Proportion to the Number 


of Reflections which the Rays ſuffer, and the Length of their 
Progreſs within the Glaſs. We may add to theſe another 
reſentation of the ſame Object in the Line LO produced, made 
by ſuch of the Rays as fall upon O, and are from thence refle&- 
ed to the Eye at L. 4.4 * 
This may be tried by placing a Candle before the Glaſs as 


* | . 
* 
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than the incident ones (Prop. the fixth of the 
-* foregoing Chapter) muſt be nearer to the Sur- 


face than the Point A. And ſince the fame 
is true alſo of the Rays which flow from B, 


odr any. other Point, the Repreſentation IM 
Will be nearer to the Surface than the Object; 


and becauſe it is terminated by the Perpen- 
diculars AE and BF which incline to each 


bother, as concurring at the Center, it will alſo. 
appear lefs. 


III. When an Object is ſcen by Reflection | 


from a concave Surface, the Repreſentation of 
it is various, both with regard to its Magni- 
tude and Situation, according as the Diſtance 
of the Object from the, rellefling Syrface is 
greater or leſs. 

I. When the Object! is nearer to the Surface 
han its Focus of parallel Rays, the Image ap- 


pears on the oppoſite Side the Surface, is more 


aiftant from it, and larger than the Object. 
Thus let AB, (Fig. 55.) be the Object, SV 
the reflecting Surface, F the Focus of parallel 
Rays, C its Center. Through A and B, the 
Extremities of the Object, draw the Lines 


CE, CR. which will be perpendicular to the 


Surface, and let the Rays AR, AG, be inci- 
dent upon ſuch Points of it that they ſhall be 
reflected into an Eye at H. Now — the 


. © Radiant Points A and B are nearer the Surface 


than F, the. Focus of parallel Rays, the reflected 
yy will . (Chap. IX. "TIO: 4.) i 
: ' + WI 


. 


— 
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will therefore proceed as from ſome Points on 
the oppoſite Side the Surface; Which Points, 
by the Obſervation laid down at the Beginning 
of this Chapter, will be in the Perpendiculars 
AE, BR produced, ſuppoſe in I and M: But 
they will anc. in a leſs Degree than their 
incident ones (ſee the Propoſition juſt referred 
to) and therefore the ſaid Points will be farther 
from the Surface than the Points A and B. 
The Image therefore will be on the oppete 
Side the Surface with reſpect to the Object, 
it will be more diſtant than it, and conſe- 


quently, being terminated by the Perpendi- N 


culars CI and CM, it will alſo be larger. 
2. When the Object is placed in the Focus 
of parallel Rays, the reflected Rays enter the 
Eye parallel (Chap. IX. Prop. 4.) in which - 
Caſe the Image ought to appear at an igfinitẽe 
Diſtance behind the reflecting Surface; but 

the Repreſentation: of it, for the like Reaſons 
that were given in the foregoing Cale, being 


large and diſtinct, we judge it not much far- 


3. When the Object is placed between the 
Focus of parallel Rays and the Center, the Image 
appears on the oppo/ite Side of the Center, is lar- 
ger than the Object, and in an inverted Pofition. 
Thus let AB (Fig. 56.) repreſent the Object, 


SV the reflecking Surface, F its Focus of pa- 


ther from the Surface than the Image (ec). 


(e) See what has been ſaid concerning the apparent Situa- 8 


tion of Objects ſeen by parallel Rays, in Chapter VII. 


dos of 


' rallel 
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rallel Rays, and C its Center. Through A 
and B, the Extremities of the Object, 7 8 4 the : 
Lines CE, and CN, which will be 8 „ | 
- cular to the Surface; and let AR, AG, be 
"a Pencil of Rays flowing from A. Ties 
Rays {proceeding | from a Point beyond the 
Focus of parallel Rays, will, after Reflection, 5 
converge towards ſome Point on the 2 - 
Side the Center, (Chap. IX. Prop. 4. Caſe 3) 8 
which will fall upon the i CT 
produced; but at a greater Diſtance from C 
than the Radiant A from which they diverged, 
(by the Propofition and Cafe juſt referred to.) 
For the ſame Reaſon, Rays flowing from B 
will converge to a Point in the Perpendicu- 
lar NC produced, which ſhall be farther from 
C than the Point B; from whence it is evi- 
dent, that the Image IM i is larger than the Ob- 
je& AB, that it falls on the contrary Side 
" the Center, and that their Poſitions are ne 
verted with reſpect to each other. 

4. If the Object be placed beyond the center 
of Se ee the Image is then formed between 
the Center and the Focus of parallel Rays, 

is leſs than the Ns and its Poſition 1 is Me 
verted. N 
This Propoſition is the Ceed of the 
foregoing: For as in that Caſe Rays pro- 

cCeeding from A were reflected to I, and 

from B to M; ſo Rays flowing from I and M 

5 will be e reſected to 9 and B; if therefore an 


Object 


ad ad ot os. 
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Object be ſuppoſed to be ſituated beyond the 5 8 
Center in IM, the Image of it will be formed 


in AB, between that and the Focus of parallel 
Rays, will be I than the Object, and in- 


verted. | 


S331} 0 "IE 5 

5. If the Middle of the Object be placed in 
the Center of Convexity ofthe reflecting Surface, 
the Object and its Image will be coincident; 
but the Image will be inuerted with reſpect 
to the Object. N . 
That the Place of the Image and the Object 


ſhould be the ſame in this Caſe needs little 


Explication ; for the Middle of the Object being 
in the Center, Rays flowing from thence will 


fall perpendicularly upon the Surface, and 
therefore neceſſarily return thither again; ſo 


that the Middle of the Image will be con- 
cident with the Middle of the Object. But 
that the Image ſhould be inverted is perhaps 
not ſo clear, To explain this, let AB (Fig. 57.) 
be the Object, having its middle Point C in the 
Center of the reflecting Surface SV ;, through. 
the Center and the Point R draw the Line 
CR, which will be perpendicular to the reflecting 
Surface, join the Points AR and BR, and let 
AR repreſent a Ray flowing from A, this will 
be reflected into RB, for C being the middle. 
Point between A and B, the Angles ARC and 
CRB are equal; and a Ray from B will like- 
wiſe be reflected to A; and therefore the Pofi- 
| | tion 
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tion of the Image will be inverted with fea. . 


ſpect to that of the Object (2). 


6. If in any of iN three laſt Caſes; in 
eãch of which the Image is formed on the ſame 
Side the reflecting Surface with the Object, the 
Bye be fituated farther from tlie Surface than 

tte Place where the Image falls; the Rays of 
each Pencil, croſſing each other ii the ſeveral © 
Points of the Image, will enter the Eye as froꝶi 


a real Object ſituated there; fo that the Image 


Will appear pendulbus in the Air between the 
Eye and the reflecting Surface, and in the Po- 


8 


fition wherein it is formed, viz. mverted with 
reſpect to the Object, in the fame Manner that 
an Image formed by refracted Light appears 


to an Eye placed beyond it; which was folly 
explained under the fourth Propoſition of the 


Teventh Chapter, and therefore needs not de 


repeated here. 


But as to what relates to the Appearance of bl 

the Object when the Eye is placed nearer to 
tze Surface than the Image, that was not there 
fully enquired into. That Point ſhall there- 
fore now be more ſtrictly examined under 
the following Caſe, which equally relates to: 


25 and ee Li ght. 


| : 8 * 5 this Propoſition i it is to be ſuppoſed that the Obje | 


ſo ſituated; with ref & to the reflecting Surface, that 


the Angle ACR may be right; for otherwiſe the Angles ARC 


and BRC will not be pu. and Part of the Image will there- 
fore fall upon the Object, and part a 
| 14 If 


RS . MY 0c Re ed ee, 


fuſed, larger, and nearer the 


1— mi K 79 | 


ae If the Eye be ſituate between chi re- 
fi Fry and the Place of the lmage; 
58 is then ſeen beyond t the Sutface: 1 
= Arber the Eye recedes from the Sur ce 
towards the Place of the Ichage Nan more ie 
ect appears.” 1 
To a this, let A (Fig. 59 Y repreſent _ 
ne Object, IM its Image, one of whoſe Points, 4 
* med by the Concurtence of the reffect⸗ 
ed Rays DM, EM, &c. which before Reffecriem # 
came from B 7 the other. I, by the"Cohtur= © 
rence! of Dl, El, Ge. übe ti from A; 


ald let as” te the Pup 11 0 = ituate> B 


between the Surface" Þ and the I This 
7 Will ait the Rays Ha, Kb ih, be- 


 caufe'th — 7 52 tending towards I, are ſück as 


came fr and creo the Point A Will 
—_— difafed' over the” Space RS. In like 

aner the Pupil will alſb receive into it the 
reflected Ray Ka and Lb, which, becauſe they 


Are weuting cb ard M, by Suppofſtiol cate” y 


from B; ahd. therefore the Point B will be 
(ter Neat as it were over the Space TV, and 
the O Jeck will ſeem to fill tlie Space RV; but 


the Repreſentation” of it Will be co fed, be- 


cauſe theintermediate points of the Object, beings 
equally inlarged in Appearance, there will not 


be Room for them between the Points Sar, 


but they will coinCide in part one with ahother ;. : 
for Inſtance, the Appearance of that Point i in 
the Object e falls upon in 

* I. che“ 


© — ret i OTE Ep a N a * 1 * 
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the Image, will fill the Space mn, and ſoof the. 
;  xeſt.. Now if the ſamePupilbe remoyed into the 
F Situation, ef, the r reflect ecked! Rays Ee and Gf will 
then enter the Eye 1 therefore one Ae 
mity of the Object will appear to cover the 
18 Space XY XY}; ani ute the Rays of and Le 
will alſo enter 1 in their Progreſs towards M., 
the Point ee they came, will 
appear to 2 ZV; ot ject therefore will 
appear _ wed dh an- before. 
And when the eo cha? 4 quite-to yo Image, . 
l it ſees but one — Hh Point of the Object, and 
that appears diffuſed all over the reflecting 
Surface: For Inſtance, if the Eye recedes to 
; the Point M, then Rays flowing from the Point 
B enter it upon whatever Part of the Surface 
| And ſo for the xeſt. The Object al ſo ap- 
pears Nearer to the Surface, the ic 5 the Eye 
| | recedes from it towards the Place of the TR . 
probably, becauſe, as the Appearance of 
Object becomes more and more confuſed, . 
Place is not ſo eaſily diſtinguiſhed, from chat of 
the reflecting 5 itſelf, till at laſt, when it 
is quite confuſed (as it is when the Eye is arrived 
Fat M) they both appear as one, the W 
Fees the Colour of the * (%). 


4 * 3 f * W =; *%. As 5 
4 of 32 
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© As to = preciſe a * Mag tude of an Object ſeam 

after this Manner, it is 15 chat the Angle it appears under 

mall be equal to that which We Ig o of the ſame Object 


| n ar under, wh. e en frou the ſame 
hat 15, he apparent 


Qbje& (for ſuch Tank call it to 
ny "FN => + 2, diſtinguiſh 
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As each Point in the Re araſontation:of an 

Object made. by Reflection i is ſituated. ſome- 
where in à right Line that paſſes through its 
correſpondent Point in the Object, and is per- 
pendicular to the reflecting Surface, as was 
ſhewn in the Beginning of this Chapter; -a 
may from hence deduce a moſt eaſy and ex- 
Peditiaus Method of nenn, 8 boch che 


alisgeim! it a tho lnagy of the fanie Objea) and the Image! 
ſubrend equal Angles at the Eye. | 
Dem. He ere we muſt ſuppoſe the Pupil of the Eye to bea Point 
only, becauſe the Magnitude of that cauſes ſome ſmall Altera- 
tion in the apparent Magnitude of the Object; as we ſhall ſee by 
and by. Let then the Point a repreſent the Pupil, then Wi 
the extreme Rays that can enter it be Ha and , the Obje& 
therefore will appear under the Angle HaK, which is e ual witz 
vertical one Ml, under which the Image IM r 
were it to be ſeen from a. Again, if the Eye beplaced inf, - the 
Object appears under the Angle GO equal to "I FM, —_— | 
the Image ſubtends at the ſame Place = therefore the a 
| 85 2 and [mage of i it ſubtend equal Angles at the kyer 


ow if we ſuppoſe the Pupil to have any ſenſible Magni 
ſuch ſuppoſe that its De My be ab, 7 be the e 
by the Epe in that Situation will appear under the 1 
which is 15 than the Angle Hax under which it appear 
before; becauſe the Angle 2 x is nearer than the Angle at * 
to the Line IM, which is a Subtenſe common to them both. 
From this Propoſition'it follows, that, were the Eye cloſe a 
the Surface at K, the real and a 1 Object would be ſeen 
under equal Angles fot the real Best pears from that Place 
under the ſame Angle that the Ink T7 as will be ſhewn 
at the End of this Tha hapter) therefore when the Eye is nearer, 
to the Image than that Point, the Image will ſubtend a larger 
Angle at it than the Object does; and conſequenitly ſince che 
Image and apparent Object ſubtend equal Angles at the mute IS) : 


Object muſt flarily be ſee d A 
Gar en ones 
- 
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Magnitude and Situation of the TO” in all "© 


L Through the Extremities of the Object AB; IA. 


and the Center C, (Fig. 50, 60, or 6x.) draw 


the. Lines AC, BC; and produce them as the 
Eluſe requires; theſe Lines will be perpendicu- 
lar to che reflecting Surface, and therefore the 
E xtremities of the Image wilb fall upon them. 
Through F, the middle Point of the Object 


: and the Center, draw the Line FC, and pro- 


duce it till it paſſes through the reflecting Sur- 
face; this l alſo be perpendicular to the 


© Surface. Through G, the Point where this Line 


_ the e ef wh the Lines AG and BG,, 
5 produce; t this Way or that, till 
_ eroſs tha former Perpendiculars;, and we'd 2 
they croſs, there I and M, the Extremities 
of the Image, will fall. For ſuppoſing AG 
to be a Ray proceeding from the Poi Point A 
and falling upon G, it will be reflected to B; 
becauſe EA is equal; to FB, and” FG. is per- 
pendioular to the reflecting Surface; and chere 
fore the Repreſentation of the Point A will. 
be in B. produeed as well! as in AC, 
conſequently. it will fall on the Point Þ where: 
they croſs: each other: Likewiſe: the Ray, 
3G will, for the fame - Reaſon; be reflected 
to A, and. therefore. the. Repreſcntation. of. 
the Point B will be in AG produeed as 
Well as in ſome Part of RC, tat is in. M 


P 4 * 
* 


7 1 
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formed in any Place whatever. 
Cuaſe the Rays AH, AG, flowing from the Point 


_ of which the 
_ fubtends at G the 


| fubtends at the 3 is alſo 
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where they croſs. From whente the W | 


ſition 1 is Clear. 


If it happens that the Lins wall not cfoſy 
en ay ſoever the et we r- as in 
(Fig: 62.) then is the 
parallel Rays of that Surface, and has no Image 


A, become parallel after Reflection in the Lines 


HC, GB, and therefore do not flow as to or 
from any Point: In like Manner Rays flowing + 
from B are reflected into the parallel Lines KB 


and GA; fo that no — can be 
formed by ſuch Reflection. | 


From hence we learn another Cireuniflagde | 


relating to the Magn itude of the 1 = 
by RefleRion, vis. 4 it ſubtends the ſame * 
- Angle at the Vertes of the reflecting Surface 


that the Object does. This appears by In- 
ſpection of No 9, 60, or 61ſt Figure, in tack 
1 IGM, which the Image 
-r1ex of the reflocting Surface 
is equal to the Angle AGB, which the Object 
ſubtends at the fame Place; for in the two 
firſt of thoſe Figures they are vertical, in as 
third they are the ſame. And 
| Farther, the Angle ICM, which this I 
ual to t 
Angle ACB, which the Object — at 
the . for in the” two rb Figeres 


in the Foxus of © 
For in this 


3 38 0% 1 Appearance of Bodies, S. 


they are the ſame, in the laſt they are vertical 
to each other. 
Prom whence 1 it is evident, that the Object 
. Weg its Image are to each er Sg in Diameter, 
either as their reſpective Diſtances from the 
Verter of the reflecting Surface, or as their 
Diſtances from the Center of the ſame. 
IV. As Objects are multiplied by being ſeen 
through 9 Media, whoſe Surfaces are 
properly diſpoſed, as was explained (Chap. VII. 
BD 12 8 N may alſo by WEIS _ 
| faces. 13 5 75 
„ Jf 50 refleting e be pole at 
15 right Angles, as the Surfaces AB, BC, (Fig. 
35 an Object at P may be ſeen by an Eye 
at E, after one Reflection at F, in the Line 
E produced; after two Reflections, the firſt 
at G, the ſecond at H, in the Line EH pro- 
duced; and alſo after one Reflection . e he 
A, in the Line EA produced. . 
2. If the Surfaces be parallel, as AB, CD, 
(ig g. 64.) and the Object be placed at E and 
1 Eye at F, the Object will appear multiplied 
an infinite Number of Times: Thus, it may be 
Zen, in the Line FG produced, after one Re- 
flection at G; in the Line FH produced, after 
two Reflections, the firſt at I, 7 ſecond at 
H; and alſo. in FP produced, aſter ſeveral 
n Reflections of the Ray EL., at the 
Points L, M. N, O, and P: And ſo on in in- 
hu. But the greater the Number of Re- 
1 


1 3 


of the Appearance of Balles, Ge. ID | 


flections are, the weaker the Repreſentation 
will be. 

There are rleSing Surfaces made, ſome 
cylindrically convex, others cylindrically con- 


cave; both which Kinds are defigned to ren- 


der the Image of an Object deformed, by aug- 
menting or diminiſhing it in one Dimenſion 


and not in another; for the former Sort are 


convex one Way, viz. round their Axes, and 
plain the other, vis. lengthwiſe ; the other 
are concave round their Axes, and plain the 
other Way: Upon which Account Surfaces of 
theſe Kinds neceſſarily have ſuch Effects. 

When a very deformed Picture, or rather 
no Picture at all, but a ſeemingly irregular and 
accidental Poſition of Colours is placed be- 
fore one of theſe Surfaces, and ſeen by Re- 


flection from thence, a beautiful and weſl pro- 


portioned Image ſhall appear therein. But to 
explain Phænomena of this Kind is not the 
Intent of this Compendium: Enou ugh has been 
ſaid to explain e b. Principles o \ Catoptrics. | 


Paſs we on now to the third and laſt Diviſion | 
of vm VIZ, the Dies Y Colours.” 
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Of the diffrent Refrangibility in th 
Rays Light; of the Colours whic 
.be diſtin} Species F them are diſa 
Peoſed to excite; and of the Cauſe of 
lat Variety of Colours which is h 
 ſeruable in Bodies. e 


5 1 N treating of the Refraction of Light in the 
I Beginning of this Part, we ſuppoſed that 
all Light, in paſſing out of one Medium into 
another of different Denſity, is equally refradted 
in the ſame or like Circumftances. This is the 
8 Notion which the Philoſophers before Sir Jade | 
. Newton's Time bad of it; but that indefatigable 
and circumſpect Author has diſcovered that it is 
not ſo, but that there are different Species of 
= Light; and that each Species is diſpoſed batt 
= to fer @ arent Degree of "Refrangibility 
__ = paſſing out of one Medium into another, and 
Jil to excite in us the Idea of a different Colour 
from the reſt; and that Bodies appear of that 
Colour which ariſes from the Compoſtion of the © 
Colours - the ſeveral Species they reflett are diſ- 
poſed to excite. | 1 | | 
 * There are Abundance of Experiments made 
hy Sir {ſaac Newton, and others, for the Con- 
xr" w n 
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Ch. Xl. is zbe Rays of Light; Mr. 44 


each Species is diſpoſed to N 


the Sun's Light in paſſing through this Pri 
ſiuſſer e Bn 5 15 


that Means be parted into different Rays, whi 
Rays being received upon a clean white 
5 855 exhibit the following Colours, vix. Fl 


_ and falls pan the Friſe at V. ＋ 1 ; 


730 ²⅛ĩðͥ ! wnew wrt et Tre en 


firmation of this Doctrine; I ſhall-only feet 
the following ones; which will ſufficiently i- 
luſtrate the Propoſition, and evince the Truth = 
of it. And 


Firſt, There are differenthpe cies of Light, and 
ifferent 


Degree of Refrangibilit 7 and to excite the 145 


of a dieren Colour. 


To ſhew this, let a TS be darkened, and 
the Sun- permitted to ſhine- into it throygh a 
ſmall Hole in the Window-ſhutter, and be 


made to fall upon a Glaſs Priſm (by which is 


. a Piece of. Glaſs of a triangu lar For 
ſuch as ig repreſented in Figure 6 70 the 


will 


Refraction, and < 


ange, Yellow, Green, Blue, Indigo and 2 


EF the Priſm, AY a t coming 
from the Sun, which 121 n the rot 
were removed, Would 2 
entering i ed fir * Gall 7 fate 
into the YW, falling upon the ſecond | 
78 where, in ping a gut W the Air, it ſh 


E the Ligh t now, after 
1 * bat de recriret 2 4 


2 3 
Baule Nur ple. Thus, let AB (Fig. 66.) res © 
| 9 915 the Vrindoy: hie > FT. b it, 


i „ ng 1 1 5 1 ; 
432 Of the different Refrangibilit y 
B Sheet of white Paper GHIK held at a proper 
DDiſtance, and it will exhibit upon the Paper 
2 Picture or Image at LM of an oblong Fi- 
rure, whoſe Ends are ſemicircular, and Sides 
ſtrait. And it ſhall be variegated. with Co- 

-- Jours after the following Manner. From the 
xtremity M to ſome Length, ſuppoſe to 
e Line zo, it ſhall be of an intenſe Red; 
from no to pg it ſhall be of an Orange Colour; 
from p to rs it ſhall be 7/hw; from thence 
td tu it ſhall be Green; from thence to 20x D 

Blue; from thence to yz: Indigo; and from 

thence to the End Violet. And if the whole 

mage be divided lengthwiſe into 360 equal 
Parts, the Red ſhall take up 45 of them, the 
Orange 27, the Yellow 48, the Green 60, 
the Pi 60, the Indigo 40, and the Violet 


©. 


To:.. 
| 


„Sir Jhaac Newton, in his Optics, has ſhewn how, from the 
efraction of the moſt refrangible and leaſt refrangible Rays, to 
find the Refraction of all the intermediate ones. His Rule is 
r if the Sine of Incidence be to the Sine of Refraction in the 
aſt refrangible Rays as AV to BC (Fig. 67.) and to the Sine 
of Refraction in the moſt refrangible as AV to BD; and if 
CE be taken 4 1 to CD, and then ED be ſo divided in 
E, E, H, I, k, L, that ED, EF, EG, EH, EI, EK, 
EL, EC, may be proportional to the eight Lengths of muſical 
Chords, which ſhall ſound the Notes in an Octave, ED being 
the WN of the Ky, EF the Lough of the Tone above that 
Key, EG the Length of the Igſer Third, EH of the Fourth, 
EI of the Fifth, EK of the greater Sixth, EL of the 
Seventh, and EC of the Octave above that Key; that is, 
if the Lines ED, BF, "EG, EH, EI BK, EL, and _ 
bear the ſame Proportion to each other as the Numbers 
* de | : 4 Iz 
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ch. XI. in „ile Rays of ENG G. 43 


T0 render this Proof complete, we muſt now 


ſhew that theſe Diſpoſitions of the Rays of | 
Light, to produce ſome one Colour, and forme = 


another, which manifeſt themſelves after being 
refracted, are not wrought by any Action o 


the Priſm upon them, but are originally inhe- 
rent in thoſe Rays; and that the Priſm only aß- 
fords each Species an Occaſion of Wenn is 


diſſtinct Quality, by ſeparating them one from 


the other, which before, while they were blend 23 


ed together in the unfracted 1 of the 8 


lay'conceated./ ns 


This will be proved by the following no 
* ment, LTP 1 as in the h _ 


_ 


R * 3,3, 45 * * N. 1. . then ſhall BD . 


be the Limits of the Sines of Refraction of the Y7olet Rayss 


that is, the Violet coloured Rays ſha!l not all of them have 
eg. the ſame Sine of Refraction, but none of them ſhall 

ve a greater Sine than BD, nor a leſs than BF, though there 
be Molet coloured Rays which anſwer to any Sine of Relracti 


that can be taken between theſe two. In the ſame Manner B 
and B are the Limits of the Sines of Refraction of the u- 
den; BG and BH are the Limits belonging to the Blue BH 


and BI, the Limits pertaining to the 5 Mg BI and BK, the 
Limits for the Yellow ; BK and BL, the Limits for the Or 


coloured Rays; and laſtly BL and BC, thoſe of the Sines 
Refraction belonging to the Reg. 


And particularly when Light paſſes out of a Glaſs into Air. 
if the Sine of its Angle of Incidence be 50, the Sine of the 


Angle of Refraction of the Red will be between 77 tte Þ 


1. the Orange coloured between 771, and 974, of 
7 between 773 . * of the Green between 3 

77K» of the Blue «Fa + and 773, of the [adigo between 
2 55 and 7th and of the 


b coloured Rays between 77 


a 


44 | Of tle firs — 


let another Priſm, as NO (Fig. 68.) 8 | 


either cloſe to, or at ſome Diſtance 


tte firſt, in a perpendicular Situation with e- 
Sie to the former, ſo that it may refract the 


Rays iſſuing from the firſt ſideways, 2 if this 
Friſm could ſeparate the Light — 5 falls upon 


it into coloured Rays, as the other did, it would 
divide the Image hreadthwiſe into Colours, 36 
before it was divided lengthwiſe; but no ſuch 
Thing is obſervable; For a Image ſhall oply. 

pe throw out of the perpendicular Situation 


IM into the oblique one PQ; the upper Parts, 
which were more refracted in the former Caſe, 


being more refracted in this, and therefore made 


to recede farther ſideways from their former Si- 


_ tuatien Ly than the lower ones are from M. 
And farther, each Colour ſhall be uniform from 


rpendicular one. 


ency of this Proof, it muſt be, that the Rays, 
when they fall upon the ſecond Priſm, are not 


all in like Cucumſtances, with regard tg their 
Inclination to its Surface; I ſhall therefore, to 
 _ abvaate. that Objection, add one more Experi- 
ment, which ſeems to be peculiarly adapted to 


| that Purpoſe. It is as bf ae 


To Boards, AB, CD, (Fig: 69.) being | 


Win 6 
Or EF, a Space being only "te for the 


"> erected in a darkened Room at a 
tance, one of them, AB, being near t 


Frs 


* 


> þ 44 to Side in the oblique Image, as well as in 
| 111575 here be any Objection againſt the Suffici- 


wml hey ba, om © © tees ifs. ad. a ao «co A Ho a ai oo PLE T}'”__: 


Ch. XI. in be Rays & Light, & 45 
Priſm GH to be placed between them; ſo 
that: Part of the Rays which enter the Hole 
M, may, after 1 Gap through the 5 
be tranſmitted throu ſmaller Hole 
made in the Board AB 
thence, go out at another Hole L. made ip 
the Board CD; of the ſame Siae as the Hols. 
K, and ſmall enough to tranſmir the Rays of 
one Colour only at a Time: Let another Priſm, 
PQR; be placed behind the Board CD to receive 
the Rays paſſing through the Holes K and I 
and aſter Refraction by that Priſm, let the Rays 
fall upon the white Surface ST; Suppoſe, firſty-. 
the Vialer Light to paſs through the Moles, and. 
to bo refracted by the Prim Ng to which, 
if that Priſm were not there, would Have paſſtd 
on to W. If the Priſm GH I be turned about. 
ſlowly, ſo that the incident Ray ZV may fall 
more obliquely upon it, while the Boards and the 
other Priſm remain fixed, in-a-little Tings 08+. $ 
cher Colour, ſuppoſe” Drago, which we 
ſuppoſe, before to have proceeded to fy W | 
pat s through the Holes K and L., and, if uy 
riſm POR were away, would proceed Uke 
the former ays to the ſame Point W. No-.’ 
the Reffaction of this Pfiſm will not carry 
theſe. Rays to s as it did the other, but to 
ſome Place leſs: diſtant from W, as to , 
But it is manifeſt that the Holes K and L. being 
in the ſame Situation in each Caſe, both Sorts: 
of d entet the Priſin * EO: under the ſame 


5 — 8 


— paſſing * 7 


"Cle: 


i 


as: 044 the as eren Refcaogibility 13. 


_ Circumſtances, for they are equally inclined 
t its Surface RP, and enter it at the ſame 
Point thereof; which ſhews that the one Spe- 
cier is, more diverted out of its Courſe by 
| Refradtion than the other is, when the Cir- 
- camftances of Incidence are the ſame in each. 

. Farther, if the Priſm GHI be turned about 
till the Rays which exhibit Blue paſs through 
the Hole L, theſe will fall upon the Surface 
T below F, as at u, and thetefore are ſubject 
to a leſs Degree of Refraction than ſuch as 
produce Indigo. And thus by proceeding, it 
will be N that the Green i is leſs refracted 
than the Blue, and ſo of the remaining Co- 
_ tours, according to the Order in which they 


are \ repreſented - in an ao qt 5 a 
Jingle ns (8). 


** 
100 There are Ty ce of 3 made Na the Auth 
of this. Doctrine, and others, for the Confirmation of it, as 
obſerved above. To give them all at full Length would tire 
the Reader. As that if a Body be painted one half Red, and 
the other Blue, and then viewed through a Priſm ; the appa- 
rent Place of the one half ſhall be different from "that of the 
, other: and if it be N with a Mixture of theſe two Colours, 
it ſhall appear confuſed and deformed. Jen which evidently 
mew that the Rays, which each of theſe Colours reflect, ſuffer 
different Degrees of Refraction in through the Priſm, 
And if two Bodies be painted, * Red and the other , 
Blue, and the Rays which flow 8 them be made to paſs 
through a convex Lens, the Focus made by the Concurrence of 
the | which flow from that which is dined with Blue, 
Mall fall at a leſs Diſtance behind the Lens, than that which 
is made by thoſe which come from the Red one. See the 
Experiment made by Pr. De/aguliers, in a very accurate Man- 
ner, (Philoſoph. Tranſ. Ne 426.) in Oppoſition tod gnorRitrerti, 
who RRR 9 Experiments. 


Ch. XI. inthe Rays of Light; Ge. 4. 


„And alſo each ecies of Rays is diſpoſed = 


to excite in us the Idea of a different Colour. 


This is ſufficiently clear from what has been 


already: ſaid, and is farther. confirmed by what 
follows, vi. That whatever Species of Rays 
are thrown upon any Body, they make that 


Body appear of their own Colour. Thus 
Minium in red Light appears of its own; 


Colour; but in yellow Light it appears yellow 3% 


and in green Light it appears green; in blue, | 
blue 1 and in violet- purple coloured Light it 
7 of a purple Colour: In like Manner 

rdigreaſe will put on the Appearance of that 


Colour in which it is placed. But each f 


theſe Bodies appears moſt luminous and bright 


when enlightened with its own Colour, and 


dimmeſt in ſuch as are moſt remote from 


that. "Tis certain therefore each Ray is diſ- 


poſed to excite its own, Colour, which i8 
neither to be altered by Refraction nor Re- 
flection. 
Thus much in Confirmation of thefirſt part 
of the Propoſition, viz.. That there are diffe- | 
rent Species of Light, that each Species is 
diſpoſed . to. ſuffer: a different Degree of Re- 
ftangibility, and to excite in us the Idea of a 
different Colour: - We proceed now to the. 
ſecond Part of the Propoſition, vx. 

' 2+ That Bodies appear of that Colour, which 


; reſults n 2 een « hos Colours, 
h 
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4. Of the different Refravigi ility - 
We che great Spier thy ele ar at ; 
3 poſed to excite. 


chor fall upon them in equal Plenty; bat fonds 
Sort, 5. theſe” of their owh' Colour; ae | 


W'̃ have juſt $8699 fern int eic Ray, 


Fever be the Ccloör of ee Boch it ib | 
fed from, is able tö excite} no other Lr 
| Gai that'6f itv6wh-Colovry all char Selene 


Bodies reflect not all the different Sörts of Ra 


more copicuſly than others. We wIIIH O pi 


ceed to ſhe w, that the other Colours may be - 

pPtoduced from a Mixture of thoſe ſeven, way | 

Rays of Light, ien ſeparated by a Prifin; ate 

diſpeſed to exhibit. From whente it will be 

tional te concludes that Bodies uppear of tir 
Goldur which aries frorft the Mixture of thoſe 

| Which they reflect: R 4 


T. All the pr nner 


cb G. hats 
which are made by the Prifin) l to 
appear White, a little inclining to Velo elt 2 
as is that of the Sun's Light. 


Jo they this, let 4 comvex Eenr Verler 


berpsen the Priſm and the Paper which re 
ceives the Image; iti order that the Rays ſe 
parated by it may be collected into a f Ka | 


and let the Fobu fall upon the 
will the Spot where it falls appear 


that the Whiteneſs'of this esl point is owing* : 
_ 16+ the Umen- of thoſe” Colburs appears from 
bene t if: we 8 9 


7 
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received: 


Was owin 


different from "any of: the 3 Con : | 
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Ch. XI. ir che Rays Light; Gr. 199 


focal Point, and fuffer the Rays to _ each 


other in the Focus, and if when they 
ceadet to forme Diſtance CT they — 1 
upon the Paper, the ae coloured 
be exhibited, but inverted, becauſe 
the Rays croſs each viking in the Forts; an 
evident — the Whiteneſs of the Spot 
to nothing but the Mixture of the 
Rays tuting the ſeveral Colours of the 
Image. But if the Rays of any particular 
Oolour be intercepted before . ate collected 
in the ſaid Spot; ĩt᷑ then a ppears not only of a2 
different Colour — it did before, but 


painted with the priſimatic Colours taken in | 
the ſame Proportion with reſpect to each other 
in which tligy are exhibited in the Ima * wh 
by the Priſm; and the Wheel be tu 


about, the Circumference of 2 


appear white: If they are taken in other 


Proportions, the Colour of the Wheel when 


turned about will vary accordingly. From 4 


whence this Part of the la ama a 
— clear. | 


No Compoſition of theſe Colour will pro 
4 Black: That no Colour, but tho 
Defect, or Abſence 255 er Whate ve. 

That Species of Light, w is diſpoſed to 
ſuffer a greater * of. Refracion, requires 

"Op L. II. | Pro- ; 
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face of any Medium to occaſion à total Re- 
feftion' of it there; o that it is poſſible that 


2 Ray of Light may paſs through a Medium 
with ſuch Obliquity, wha: only that Part of 


it which is diſpoſed to exhibit a violet Co- 


4 Jour 1 ſhall be reflected at the ſecond Surface, 


and all the reſt tranſmitted: there. This in- 
| deed is a neceſſary Conſequence of what was 
obſerved concerning the Reflection of Light at 
the ſecond Surface of any Medium, (haf. 8. 
vx, that the Refledion of a» Ray is 
when the Obliquity of the incident Ray is 
Fuch, that the Angle of Refraction ought to 


be equal. to, or to exceed a night one. 1 lay 


this is a Conſequence of that, becauſe the 


18 of Refraction of the vialet coloured 


Light is larger than the Angle of Refraction 


of any other, though! their Angles of Inci- 
dence be equal. And accordingly thus it 


| happens, as eee the following pit | 


ment. 3 #+ 1 Nas ens 


Let AB (Fi 5 0.) bepraſent: the Window 
Ahutter of a 1 Room; C an Hole to let 


in a Ray of the Sun; DEF, GHI, two Priſms 


ſo applied together that the Sides EF and 
l be contiguous, and the Sides DF and GH 
parallel: In this Situation Light will paſs 
through them without any Separation into 


Colours; for the oppoſite Sides parallel, 
Wy wh 


if the Rays are e one W ere they 
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Ch. XI. in tbe Rays of Light, Sc. 31 
go in, they will be as much refracted the 
ay where they go out (See Page 321.) 
Bnt if it be afterwards received by third Prim 
KLM, it will be divided fo as to form upon auy 
white Body NO VU the uſual Colours, Violat 
at I, Indigo at m, Blue at n, Red at r, &. 
Now let it be ſuppoſed that che Surfaces EF 


and Gl are not quite cloſe together, but that 
the Rays, in paſſing from one to the other, 


paſs through a Medium (viz. the Air) of diffe- 


rent Denſity from that of the Priſms: And 
that the Ray Z C is not fo much inclined 
to the ſecond Surface of the firſt Priſm as 
to cauſe a total Reflection of any one Spe- 
cies there; then will Part only of each Species 
be reflected and, Part ,tranſaitte$ agreeable to 
what was obſerved” (Chapter 8.) concerning 
the Manner of Reffection. Let now the re- 
flected Rayt be received by a foufth Priſm, 
TXV; theſe, after paſſing” throu h it, will 
paint u l Surf RS: the Colours 

of the Prifm „ viz. (Red. at 7, Orange at t, 
Yellow at v, and Violet . z. Let now the 
Priſms DEF, GHI, be ſlowly turned about, 
keeping ſtill the ſame Situation with reſpe& ' 
to each other, until the Obliquity of the Rays 
ZC to the Surface EF be ſo far increaſed, . 
that there ſhall begin to be a total Reflection 7 
of them there. In which Caſe it is obſervable, 
that firſt. of all the Violet Light will be 
totally el. > therefore n 
5 8 - 4 


'1 


1 
ou 
4 
| 
7 1 


ibility, 
at I. ating inſtead thereof at æ, and i in- 
5 the Violet Light which fell there before. 
And — the Rays Ze become mote ob- 
f An the — being) turned further about. 
the Ind;go ſhall | be totally re diſap- 
peating at * but falling and making 
the Violet the more intenſe. And turn - 
ing the Priſms ſtill fatther about, all the re. 
maining Colours will be 3 vero 
ſrom the er- Pre- RG. 6 dggonds aq 
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E are nom 1 e | 
gives Bodics this Power of refleQting,. 
Ca fort of Rays moſt copiouſſy, and ſome! - 
another. And this is probably no other” than 
the different Ma of the Particles -where- 


of they are | compoſed, as 1295 a 9c 827 70 
<a coin Obſervations, | 


* 


If Water be peepered. vil 8 
reader it fafficiently tenacious, and then blown 
up inta à Bubble, it is obſervable, that as: the 
Bubble grows thinner and thinner (as it will do 
by Reaſon ef the Water's. continually running 
down from the Top of it, till it breaks) diffe- 
rent Colours will ariſe ane after another ar- 
the Top of the Bubble, ff themſelves 
into Rings, and de till vaniſh, 
at che Bottom in the ſame Order they aroſe 
at the Top. Thus, in an of this 
Kind, tried by Sir Jar Newton, the Colours 
aroſe in this "Order; firſt Reg, then Blue: 
eee If 4 nn. e and 


94 11611} | v9 * 
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Bae immediately. followed; after that Red 
a third Time, ' ſucceeded by Blue; to which 
followed a fourth Red, but ſucceeded by Green; 
alter this a more numerous Order of Colours, 
- firſt Red, then Yellow, next Green, and after 
that Blue, and at laſt Purple; then again, 
Red, Yellow, Green, Blue, Violet, followed each 
other; and the laſt Order of Colours that aroſe 
was Red, Tellou, bite, Blue; to which ſuc- 
cceded a dark Spot that afforded ſcarce any 
3 though it was obſerved to cauſe ſome 
very obſcure Reflection, for the Image of the 
Sun or a Candle might be faintly diſcerned in 
it; and this laſt Spot ſpread itſelf more and 
more, till the Bubble broke. x 
Now 'tis apparent that the only Reaſon — 
thoſe different Colours ſucceeded each other at 
the Top of the Bubble in the abovementioned: 
Manner was, becauſe its Thickneſs in that Part 
continually varied, till it broke. It remained 
therefore to examine what was the Thickneſs 


of the Bübble at the Top, at the Time it 


exhibited each particular Colour. And this was 
effected by the following Contrivance, viz. 
by taking the Object-Glaſs of a long Teleſcope, | 
ſuch having but a very ſmall Degree of Con- 
vexity, and placing it upon a flat Glaſs : Theſe 
Glaſles, by Reafonof the Convexityof the former, 
- would touch but in one Point, and the Diſtance; * 
between them, where. they did not touch, would 
be * * but * th farther , 
we 


8 * 


Part Il. — ds. os 


we conſider it from the Point of Contact. Now 
Water being put between theſe Glaſſes, the ſame 


Colours appeared as in the Bubble, in the Form - : 


of Circles or Rings ſurrounding the Point of 
Contact, which appeared black, Ike the Top of 


. .- the Bubble when 1t was thinneſt, Next to this 


Spot lay a blue Circle, and next without that a 
white'one, and ſo on in the ſame, but eb e. 
Order to that in which the Colours * 
the Top of the Bubble. | 

Nov the Diſtance between the Glaſſes, 8 . 
is, the Thickneſs of the Body of Water between 


o_ where it exhibited any one Colour ß 


articular Order, was equal to the 3 
| 4 the Bubble at the Time the ſame Colour a 
| ed upon it. For though the Medium the 

: Ligh ht muſt "oats through to come at the Water 

is in one Caſe, Glaſs, and in the other, Air, 


that makes no Difference in the Species: of the | 


Colour reflected from the Water: For Pieces of | 
 Muſcovy Glaſs, made thin enough to a 
coloured, would have their Colours f. RG 
not the Species of them altered by being made 
wet with Water. But it was found that tranſß- 
parent Bodies of different Denſity would not, 
under the ſame Thickneſſes, exhibit the ſame 
Colours: For if the forementioned Glaſſes were 
laid upon each other without any Water be- 
tween them, the Air between them would 
aps. _ the 1 7 Colours 5 the Water, 


PY 07 the Qualifications. hs oY 


but more expanded, ſd that each Ring bad a, 
1 Diameter, though they bore all the ſama 
Proportion to each other 3 ſo that the Thickneſs 
'of the Air proper to reflect each Colour, Was 
in the ſame Proportion larger, than the Thick- 
* of the Water, prac 6 dae the: 

 Kanthers all. the ] ght Which js not 1 
flected by the thin Subſtances, whether of Air 
or Water contained between the Glaſſes id 
trauſmitted through them; for when viewed 
from the other Side, they exhabit alſo: eotoured: 
Rings as before, but in a contrary, Order; for 
the pn" Spot, Which in the other View. > 
appears black for Want of reflected Light; now: 
looks perfectly white; next without this Spot 
the Light appears tinged witha yellowith Red's 
_. Where the M hite appeared hefe. 1 It: Pay ſeems: 
Black; ; and ſo of 5 reſt. 

It is farther obſervable, that the 8 
tioned thin Plates, whether of Air or Water, 
do not appear of the ſame Colour when: 
viewed obliquely, as when ſeen direct: For if 
the Rings and Colours between a conver and 
plain Glaſs be viewed firſt in a direct Manner, 
and then under different Degrees of Obliquity, 
the Rings will be obſerved. to dilate themſelves 
as the Obliquity is increaſed. But a Plate of 
Ait between the Glaſſes alters its Colour much 
ſooner than the Water in the Bubble which 
is * with Air. For in the Water 


when 1 


— 


. be ken at more than twelve Times the Thi 
neſs it appeared at under aditect View; hut w 
the Air was viewed under ſuch an Obliquity that. 


bur 11. 4 ER - * 
when viewed obliquely. the 7 Colour migh 


the Thickneſsof Fthe Plate, where it was obſetved, 


was bot half as much again as when, it was. . 


viewed directly, a different, Colour ap 1 
-Laftly, the ſame Colour reflects from a 


_ denier ubſtance reduced, to a thin Plate, and, 
ſorraunded by. a. rarer, will, be more briſk 
than the ſame Colour when reflected from a. 


thin; Plate formed of the rarer Sybſtanee, and 
ſurrounded by the denſer, as was found by 
blowing Glaſs very thin, which: exhibited in, 


the open Air more vivid Colours, than the Air | | 


does between two Glaſſes, 


A te the Thickneſs, of the Plate of Air by, 
which the ſeveral Colours were reflected, ir 
was found by carefully meaſuring the Diſlanees, 

of the 8 from the Point where the Glaſſes 


touched, that the Diſtance between the Glaſſes 


hem: e firſt Order of Colours was refleted,. 


from ==> to ers Part of an Inch: 
th where "the fecond,, was from deter to 


72 that where the third, from 7 to 
and ſo on in a Series of the odd Name. 
bers: And that the Diſtance of the Glaſſes, 


_ the firſt; Order of Colours that was tranſ- 


raitted. paſſed through, was from wg 1 
f | „ 


0 4 — 5 - L oy 4 p - 9 &k 
. 1. * 1 6 - * * 4 1 3 4 3 * f 1 
4 / . : 

FS 4 E 


«a «# 


+l ww of tbe Sent, Ch joe | 


Putt of an Inch; chat where the ſecond, was 
from r to pens that where the third, 


from == to ire: and fo on in à Seriet 5 


55 of the even Numbers. And the Thickneſs of 


4 Plate of Water, ' where it reffected or tranſ- 


SIO mitted the ſame Colours, was 7 of the Thick-" ; 
neſs of the Plate of Air. N 


Now we learn from Expetiments made 


with the Microſcope, that the leaſt Parts 0 f | 


almoſt all Bodies are tran arent; of the ſame. 


may be experienced in the following Man- 


n 


to 4 ſmall Hole in the Window-ſhutter, and 
it will ſufficiently diſcover its "Tranſparency, 


ner: Take a very thin Plate of the opakeſt 
Body, and the Room being darkened apply it 


This Experiment cannot be ſo well performed” 
with a white Body, becauſe of the ſtrong re- 
fletive Power in ſuch; but even thoſe, When 
diſſolyed in Agua Fortis, or other proper Menz 


4 Aruum, do alſo become tranſparent. Where 
fore if we ſhould ſuppoſe any Body reduced 


to 4 Thinneſs proper to produce any particular 
Colour, and hen broken into Fragments, in 
all Probability each Fragment would exhibit 


that Colour, and an Heap of ſuch Fragments 


2 TO 8 of their * parti 


would conſtitute a Body of that Colour: 80 
that the Cauſe, why ſome Bodies reflect 
one Sort of Rays moſt n and ſome 


another, is probably no other than the dif- 


, 


1 


| % * ö 8 | a 
Part n. N15 in Boten Ke. N S 


cles (S). This will be farther confirmed by Parti = 
1 culars. The Colours in the ſame Part of a 
x Peacock's Tail vary as the Tail c _ 
\ Poſture, with reſpe& to the Eye; juſt ſo the 
thin Plates of Air or Water appear of a dif- 
ferent Colour in the ſame Plate when viewed 
: 12 from what they do when ſeen ob- 
liquely, as was obſerved above. The Colours of 
Silks, e, other Subſtances, which Wa- 4 
1 or Oil can intimately penetrate, become faint | 
and dull by being wet with ſuch Fluids, and 
recover their Brivhtnes when dry; juſt as we 
obſerved, that Plates of Muſcovy Glaſs grew 
faint and dim hy wetting. All which Parti- 2 
culars, and many more that might be pro- q 
duced, give ; ancient: Proof of the e „ 


Point ©: 1 3 . N 

4 7 
| "0 This Sir Iaac Newton thinks a probable 3 for * 5 4] 
1 ing Conjecture concerning the 9 5 of the conſtituent 3 
Particles of Bodies. The tables he takes to be of 
- the third Order, as likewiſe the Sechs Syrup of Violets. The 
is aut Colour of the Sk 7 lie thinks, is of the firſt Order, as 
0 1 3 intenſe and luminous White; but if it is leſa ſtrong, i 

—_— ures it to be a Mixture of the Colours of all Or- 
5 Flagg "of e latter Sort he takes the Colour of Linen, Paper, 
| and ſuch like Sübſtances to be; but white Metal to Be of the 
$ former Sort. | For producin ing Black, the Particles muſt be ſmaller 
* than for exhibitin g any of the Colours, wiz. of a Size anſwering. 
| x to the Thickneſs, 91 the Bubble where it reflected little or n 
» Light, and for that Reaſon Tha, colourleſs. 4x4 
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but if they differ in Denſity, the Light 


ore the 9 on 


Part refracted. Juſt ſo it is with a Ray 
Light .in 1 5 throu ny the different Pat- 


Particle of a 


* Of the Cafe of Opacity 
Mate ge _ RJ, 


* es "6 en. in Balle. e TT 


* nber above (Chapter 8.) ie Eh 
"when two Mediums or tranſparent} Sub- 
Nantes of equal Denfity are contiguous, or ag 
near to each other as the Glafles Were, where 

the Light was wholly tranfmitted, in the Ex- 
periment made with the Object-Glafs men- 
tioned in the foregoing Chapter, a Ray of 
Light wilt from one to the other with 
out ſuffering either Reffection or Refraction; 


undergo * Part of it being reflected and 


ticles of the fame Bo For Inſtance, if 
when the R r any one 

Body, it finds another conti- 
guous to it, it will enter that Particle with- 
out Interruption; but if at its Emerfion' out 
of that Particle, it enters a Pore ſufficiently. 
large, Part of it will be tranſmitted and Part 


' refleQted, Thus will the Light every Time it 


enters a Pore, unleſs it be an exceeding ſmall 
one, be in Part reffte&ed: So that nothing 
more feems neceſſary to render a Body. . 


than, Has the Particles, of which it is com- 
2895 . BY " poſed, 


[ 


unto AC 


| Lorenaf; it 
ſo that the Light. which. enters it, Patty) A 


As when Paper | 
Dil; ae Cloth is dipped in Water, 
diled, or varniſhed, or the Oculus Mundi Stone 


| by 5 4. 


0 4 » Wu _ T_T 
T * - 


eh xs: . a. 


touch but in few Points, and: that the 
being very numerous and large 


and loſt within it. On the contrary, if the 
Farticles of a Body touch each other in man 
Points, andi its Pores be ſew and ſmall, or filled 

with a Subſtance of nearly an equal Denſity 
with the — Hum eee 


will bo-4ranſparen N = 


£ In Coobrinatin of this, we may * | 
that opake Bodies become tranſparent by filling 


their Pores with a Subſtance; nearly of the 


ſame, Denſity. with that of their ſolid Parts: 
48 made wet with Water or 


ſteeped in Water. Beſides, as pee Ro 
of an qpake Body | renders it tranſparent, fa 
on the other Hand evacuating the Pores of a 
Body that is tranſparent; or - ſeparating: the 


Parts of it from one another, makes-it\apake; 


as: Salt or Wet Papet by being dried, and Glaſa 
red, loſe their er Vg 
oro. n 
3 which Inſtances, | e more 


might be brought into Confirmation of what 


is here laid down; but theſe are ſufficient. 
But becauſe it may be Matter of. Surprize, | 
that Bodies ſhould be ſufficiently: porous to 
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do, and yet be hard or ſolid; I hall FOR 

_ clude the Subject of this Chapter, and of the 
Doctrine of Light and Colours, with ſhewing” b 
tame Conſiſteney of ſuch a Suppoſition. In 
order to which, let us imagine a Body whoſe 
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conſtituent Particles are of ſuch a Honey 

er,” che Vacancies be- 
be equal in Bigneſs to the 
Particles ; bow) this may be done, and yet 


the Body be hard, is eaſy to comprehend. 
Now the ſolid Parts of a Bod 


will be but half its Bulk; and if we fi 
each conſtituent Particle of this Body to de be 
formed of leſs Particles with Vacuities between: 
them, equal to each Particle as before, the 
ſolid Parts of this Body will then be but a 

fourth Part of its Bulk; EN af each of theſe” | 


W. thus formed 


leſſer Particles again bo formed: HI che fung 
Manner, the ſolid Parts of the Body ſhall be 
but one Eighth of its Bulk: And thus if the 


Compoſition be continued according to the 
ſame Rule, the ſolid Parts of the Body may | 
be made to bear as ſmall a Proportion = 

its whole Magnitude as ſhall be 'defired, not- 
' withſtanding which; the Body; by Means of 

the Contiguity of the Parts, ſhall be capable 
of being hard in any Degree! Thus, Matter: | 


being infinitely diviſible, any the leaſt Porti- 


on of it may be ſuppoſed to be wrought into a 
Body of any deſigned Dimenſions how 


N 8 and 9 5 tho Pores of that Body none of 


ww 
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them greater than the ſmalleſt Magni tude 
propoſed at Pleaſure ; and yet the Parts of the 
Body ſhall ſo touch, that the Body itſelf ſhall 
be bard be, ſolid; which, ſhews that the whole 
Globe of the Earth, nay, all the known Bodies 
of the Univerſe, far any thing that appears to 
us to the co „ may be compoled of no 
greater R of Matter than what ain 
e reduced into any. e Space Ben, 
fall onde F FX 


: | / KE £ & $%. 1 
«Js 1 2 2 1 f : £ 2 0 44 
. : * : _ os 3-5 
: p p SS 
Ts $.4 
8 1 * # w 
* . N — " . 
+ "5 | 1 2 7 
= 1 $4 1 
0 1 94 ; A 1 . 4 1 
— * = 11 : ” a i 
— # | ©7 4 
= wb 4 
* f 
4 N | 
* 1 13 % 
* #< . y 
= — 7 g * 
Fe : 4 ' | 5 
\ : : . 
* * 41 1 * 
C 
: v , 
| ! : 
* — 2 
* ” r 
”4 7 ; 14 py 
ut” 7 1 
. * 2 7 * , 
bl 1 1 ) 
7 . 
A F4 
: ' F 72 (20 P 
+ 4 * 24 = 
( - 
. 
« YI = "TX oy * * * 1 
- — 11. Ti 1 f - * Pl m — 
+4 FP . 
: 
* 5 7 — 1 : 
2% I V . 
3 = 
” 1 \ 
- ' \ 
4 oe a. | 1 : 
3 . » = A 4 a 
% 
| W 
1 1 . 5 
* — ＋ 
L * 3 i * 4 
7 ? 
4 by 
* 8 - ry 
„ * . * * 
T « * 4 . 
: r VI , 
— a — 
: 
! 
- i 9 
, - 
$f 1 y 
o 4 þ 
14 * ” 7 — + p 1 « * 5 
- = 939 0 3 
: 10 7 - 
{24 ** . ” 1 N 
- : — 
1 1 > 
* 1 * "% 
« 4 4 
c 
* . 
i 2 ” 
* 1 
— 
* 
1 
- 
-. 
* * 


# 
Oy a PEAS + + 281 s. 
FE ITO 
/ 7 


12 a 25 * 42 > Du v4 10 14 W $1.4 mee yRod 


. MERE | 


as _ Cauſe of this 5 5 ee 
are principally four, which e bere 3 
Þ> 1-4 and examine particularly; after whi 
* ſhall give my own Thoughts concerning it. 
And, 
35 It was the Opinion of Philoſophers, be- 


) 255 Sir aac Newton diſcovered the contrary, 


that Light is reflected by impinging upon the 
bolid 3 5 of Bodies; but that it is not , 


is clear from the following Reaſons: 1 
And firſt, it N hot reflected at the firſt Sur- 


face of a Body by impinging againſt it. 


Por it is evident, that .1 in order to the . 
and regular Reflection of Light, that is, that 


the reflected Rays ſhould not be diſperſed 
and ſcattered one from another, there 5 ht 
to be no Raſures or Unevenneſs in the reflectin 


Surface large enough to bear a ſenſible Pro- 
portion to the Bom pon of a Ray of Light; 


becauſe if the Surface abounds with ſuch, the 
* Rays will rather be ſcattered like a 

Parcel of Pebbles throwyn upon a rough N 
ment, than reflected with that Regularity 


n ME * 18 obſerved to be from a 


well 


ra In. 
2 1 3 7 W 8 parts | 
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Difſert; II. Light is reflected. 65 

well poliſhed Surface. Now thoſe Surfaces 
which. to our Senſes appear perfectly ſmooth 
and well poliſhed, are from being ©; for 


1 
o 


Us, poliſh, is no other than to grind. off the ; 
larger Eminences and Protuberances of the Me-. 
tal with the ro and ſharp Particles of 


* 


Sand, Emery, or Putty, which muſt of Ne- 
ceſſity leave behind them an Infinity of Ra- 
ſures and Scratches, which, though inconſide- 


rable wich Regard to the former 
and too minute to be diſcerned by us, mu 
nevertheleſs bear a large Proportion to, if not 


- 


- 


acts; «5 | 


That it is not reflected by impinging. upon 


the ſolid Particles which conſtitute this ſecond 


Surface, is ſufficiently clear. from the foregaing | 
Argument; the ſecond Surfaces of Bodies, ing 
as uncapable of a perfect Poliſh as the firſt; and 


it is farther confirmed from hence, vis. that 
the Quantity of Light reflected differs according 


to the different Denfity of the Medium behind 


the Body: And that it is not reflected by im- 


pinging upon the Particles which conſtitute _ 


the Surface of the Medium behind it, is ei- 


dent, becauſe the ſtrongeſt Reflection of all 


at the ſecond Surface of a Body, is When 
there is a Vacuum behind it. This th 


fore 


vaſtly exceed the Magnitude of the Particles of 
_ *. Secondly, It is not reflected at the ſecond 
Surface, by impinging againſt any ſolid Par- 


ere- 


— 


. 0 * - "y I 
1 * p mY 3 |; \ F4 | 0.6: . 4 r 
the Cauſe why Part III. 
4 N : 


fore wants no Farther Proof. (See the Man- 


ner in Which Light is reflected in Chap 7 8 ) 


II. It has been thought by ſome (), th 
it is reflected at the firſt Surface of a Body, 


by a repulſive Force equally diffuſed over 
it, and at the ſecond, by an attractive Force. 
I. If there be a repulſive Force diffuſed over 
the Surface of Bodies, that repels Rays of Light 
at all Times, then, fince by increaling the Obli- 
quity of a Ra wes we diminiſh its perpendicu- 
lar Force, 

"muſt Ig its Way through this repulſive 


ich is that only, whereby it 


Force,) however weakly that Force may be 


ſuppoſed to act, Rays of Light may be made 


to fall with ſo great a Degree of Obliquity 


on the reflecting Surface, that there ſhall be 
a total Reflection of them there (/), and not 
one Particle of Light be able to make its Way 
through, which js contrary to Obſervation; 
the Keflection of Light at the firſt Surface of 
A ee, N hat never total in any, 


Wr 


— 


00 See © Muſchonbrolk Element Phykic Cage . 

() Dem, Let AB (Fig. 71.) repreſent the reflecting Surface, 
ABCD the repellent 4 diffuſed over it, EF a Ray of 
Light incident upon it at the Point F, and let the Lins EF 


by its Length expreſs the Force with which the Ray moves. 
This Force is reſolvable into the Forces EG and. EH, or, 


which is che ſame thing, HF and GF, which latter is the 
ſole Force by which the Ray endeavours to pierce through the 
repulſive Power. But this Force may be diminiſhed in in- 


_ finitum by augmenting the Obliquity of the _ EP, and 


"therefore it may be made leſs than that of the repelling Power, 


3n which Caſe the * wi neceſſarily be 2 And * 


* 


— my 94 =» 4H a «ai. cc... 


n 


face by the attractive Force of the Ben. > ke 


it is partial. 


be refracted in 17 out of the ſame Body. 
obſervable between the Reflection of Lagh tat. 


the total Reflection ſhould begin juſt When 


"the Sun ſhines through that Hole, an Hair be held in its Ray 


| Diſſent II. Licht u refleaed 0 67 5 yl 
Obliqui whatever. The Hypotheſis (#) drann, 1 


fore in this Particular muſt be falſe. 


2; As to the Reflection at the oog 4 1 


this may be conſidered. i in two Reſpects; f 
when 5 Reflection i is total; ſecondly, when, 


And firſt, in Caſes where the KRefledion 5 
is total, the Cauſe, of it is undoubtedly that 
ſame attractive Force by which Light hi 


This is manifeſt from that Analogy which is 


this ſecond Surface, and its Refraction ere. 
For otherwiſe, what can be the Reaſon that 


the Obliquity of the incident Ray, at its Ar- 


the ſame is demonſtrable of any Ray, (let it move with a greater 
or leſs Force than the Ray EF) the Obliquity of the Rays may 
* . eat, that there thall | A tot 1 p them. 
() And yet from an Bx inks r by sir 1 Newton, 
(See his Optics, Book III Nie = that there is a ee 
Force between Light and ſome Locke | ae Experiment is as 
follows: If over an Hole in a Window- utter there be fixed . 
a thin Piece of Lead, or the like, i in which there is an Hole 
about the fortieth Part of an Inch in Diameter; and if when 


at ſome Diſtance from the Hole; the Progreſs of the Rays aſter 

the have paſſed by the Hair will be as N in the 
Figure, where A is a Section of an Hair, BC an TH” N 

ima Window-ſhutter; BL, VF, DE, Sc. Ra 7 through 

it, in the Middle of which is placed the H air A; and 

RP be a Paper held at ſome Diſtance behind the Hair. Things © 

being thus 10 the Ray BL. ſhall fall upon O, UF upon | 


. DE * GH upon P, Sc. as repreſeatodin the Figure, .. 
E 2 nyal 


0 Of the Cauſe wby Part En 


rival at the ſecond Surface, is ſuch, that the 
refracted Angle ought to be a right one; or 
when the Ray, were it not to return in Re- 5 
flection, ought to paſs on parallel to the Sur- 
face, without going from it? For in this 
Caſe it is evident, that it ought to be returned 
by this very Power, and in ſuch Manner that 


the Angle of Reflection ſhall be equal to the 


Angle & Incidence: Juſt as a Stone thrown 
"obliquely from the Earth, after it is fo far 
turned qut of its Courſe by the Attraction of 
the Earth, as to begin to move horizontally, | 
or parallel to the Subfase of the Earth, is then 
by the ſame Power made to return in a Curve 


ſimilar to that which it deſcribed in its 


Departure from the Earth, and ſo falls with 
the ſame n * Obliquity that it was 


- thrown with. 


_ © every Reſpe 


But ſecondly, as to the Refleion at the | 
ſecond Surface, when it is partial, an at- 
tractive Force uni ito ſpread- over it, as 
the Maintainers of this KH ypathefis conceive 

it to be, can never be 1 — Cauſe thereof. 
Becauſe, it is inconceivable that the ſame 
Force, actin . in the ſame Circumſtances in 

can ſometimes reflect the Violet 
coloured Rays, and tranſmit the Red, and at 
other Times reflect the Rod, and tranſmit the , 
Violet. | 
This Argument 9 equally againſt 
a 9 Force uni * diffuſed over os. 


Diſſert. I. Light ir teflecied. . 
firſt Surface of a Body, and POE Light 


there; becauſe ſome Bodies reflect the Violet 


and tranſmit the Red, others reflect the R 
and tranſmit. the Violet at their firſt Surface; 


which cannot poſſibly be upon this Suppoſition, | 


the Rays of whichever of theſe Colours we 
fuppoſe to be the ſtrongeſt, 


III. Some, being apprehenſive of the Inſuf- Hy 


ficiency of a repulfive and attractive Force, 
diffaled over the Surfaces of Bodies, and acting 
uniformly, have ſuppoſed, that by the Action 
of Light upon the Surfaces of Bodies the 
Matter of t 10 Forces is put into an undu- 
latory Motion, and that where the Surface f 
it is ſubſiding, Light is tranſmitted, and in 
thoſe Places where it is riſing, Light is re- 
flected (n). But this ſeems not to advance 
us one Jot farther; for in thoſe: Caſes, ſup- 
poſe where Red is reflected and Violer tranſ- 
mitted, how comes it to paſs that the Red 
impinges only on thoſe Parts when the 
Waves are riſing, and the Violet . * | 
are ſubliding? _ 5 
IV. The next Hypotheſis, that 1 ſhall "take 
Notice of, is that remarkable one of Sir 
Newton's Fits of eaſy Reflection and 7 ranſ- 
miſſion, which I ſhall now explain and examine. 
That Author, as far as I can apprehend his 


r in this Particular, is of Opinion, that 4 : 


h See Miyſebeabroek, Element. Phytic, Cap. 33. * 


E 3 Light „ 


i Surface of a * None: Is: 1 there, 5 


70 f the Cauſe o Part III. 


Li ght, in its Paſſage from the luminous Body, 
is Giſpoſed. to be' alternately reflected by, and 
tranſmitted through any refracting Surface it 


may meet with; that theſe Diſpoſitions Om 


he calls Fits of fy Reflection and 


* Tranſmiſſion) return faccefiively at equal lg - 
vals; and that they are communicated to it 


at its firſt Emiſſion out of the luminous Body 
it proceeds om, probably by ſome 22 4 


ſubtle and elaſtie Subſtance diffuſed throug 


the Univerſe, and that in the following 


Manner: As Bodies falling into Water, 
or paſſing through the Air, cauſe Undulations 


in each, ſo the: Rays of Light may excite 


Vibrations": in this elaſtic Subſtance; the 


Quickneſs of which V ibrations depending on 


the Elaſticity of the Medium (as the 'Quick- 
neſcs of the Vibrations in the Air, which pro- 


pagate Sound, depend ſolely on the Elaſticity. 
of the Air, and not upon the Quickneſs of 
thoſe in the ſounding Body) the Motion of 
the Particles of it may be quicker than that 
of the Rays; and therefore when a Ray: At the 


Inffant it impinges upon any Surface, is in 


that Part of 4 Vibration of this elaſtic Sub- 


ſtance which conſpires with its' Motion, it may 
be eafily tranſmitted,” and when it is in that 


Part of a Vibration which: is contrary to its 
Motion, it may be reflected. He farther ſup- 


poſes, that when Light falls upon the En 
but 


Diſſert. II. Light ic reflected. 71. 
but all that happens to. it there is, that every 
Ray that is not in a Fit of eaſy Tranſmiſſion 
is there put into one, ſo that When they come 
at the ofher Side (for this elaſtic Subſtance 
eaſily pervading the Pores of Bodies, is 
capable of the ſame Vibrations within the 


Body as without it) the Rays of one Colour 


ſhall be in a Fit of eaſy: Tranſmiſſion, and 


thoſe of another in a Fit of eaſy Reflection, 


according to the Thickneſs of the Body, the 


Intervals of the Fits being different in Rays 


of a different Kind. This very well accounts 
for the different Colours of the Bubble, and 


thin Plate of Air and Water, (mentioned in 
Chap. xII.) as is obvious enough; and like- 


wiſe for the Reflection of Light at the ſecond ny 


Surface of a thicker Body; for the Light re- 

flected from thence: is alſo obſerved to be 
coloured, and to form Rings according to the 
different Thickneſs of the Body, When not 
intermixed and confounded with other Light, 
as will appear from the following Experiment: 


If a Piece of Glaſs be ground. concave n 
one Side, and convex on the other, both ite 


Concavity and Convexity having one com- 


mon Center, and if a Ray of Light be made 
to paſs through a ſmall Hole in a Piece of 


Paper held in that common Center, and be 


er to fall on the Glaſs ; beſides thoſe 


ays which are regulatly reflected back to 


the Hole again, there will be others reflected 
| : — 2 & - „ 
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to the Pipers and form coloured Rings ſar- 
rounding the Hole, not unlike: thaſe ocean 


fioned by the Reflection of Light: from thin 
Plates. The ſame. will happen if the Rays be 


reflected from a metalline Sheculum, but the 


Light will not be coloured; which ſhews. that 


the Colours ariſe. from that Light which is re- 
flected from the Back-fide, and that in the 
following Manner: Beſide: that Light which is 


regularly reflected from the farther Surface. of | 
the © Glas, there is ſome reflected irregularly, 


which paſſing from the back Surface under 
different Obliquities, does as it were paſa 


through. Glaſſes of different Thickneſſes, and 
therefore is in Part reflected back again when | 
it comes to the firſt Surface, and is in Part 
tranſmitted through. i it, the tranſmitted. Light, 
when received upon the white Paper, exhibit- 
ing ee abovementioned: (. 
As to the Light which. is ſuppaſed ta 


be reflected at the firſt Surface, his Opi- 
nion ſeems. to be, that it is not there re- 


flected, as I obſerved above, but that it real» 
iy enters, the Surface, and is reflected from 
the Back- ſide of the: firſt Seriet of Particles 

that lie therein; fo that according as theſe 


Particles are larger or ſmaller, the Rays of 
Light Which at their Entrance into them 


905 This Experiment . when the Back- -part ” 
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(dor they are tranſparent, whether the Body 
they compoſe be ſo or not, See Page 58. 
ate thereby put into Fits of eaſy Tranſmiſſion; 
and at their Emerſion on the other Side ſome 
are in a Fit of eaſy Tranſmiſſion, others in a Fit 


of eaſy Reflection, according as the Interval of 
their Fits are large or ſmall; ſo that the 


Particles of a Body may be of ſuch a. Size - 


that they ſhall' reflect the Red and tranſmit 


the Violet; or that they may reflect the Vert 


and tranſmit the Red; or, in general, that 


the ſtrongeſt and moſt forcible Rays may be 


tranſmitted, while the weaker are reflected; 


or the weaker may be tranſmitted, while the 


ſtronger are reflected. | . 


Thus I have endeavoured to clear up the 
Account Sir IAA NxWrom has left us of , 
his own Sentiments concerning this Matter. 
But after all, I cannot fay that I think his 


Solution the true one. It is too much clog- 
ged with Suppoſitions; neither is it conſonant 
to that Simplicity, Uniformity, and Regularity, 


with which Nature is every where obſerved. 


to at. The Time will come, when the Prin- 


ciples of Attraction and Repulſion will be found 


alone. ſufficient to account for this lexing 
Phenomenon. Would any one that has a 
Genius for a Work of this Kind, and Oppor- 


tunity to make the neceſſary Experiments, 
aſſume thoſe Sir 1/aac Newton has left, and 


A Tas” as his Judgment ſhould dire& 
| hin, he would ſoon be able to give us as eaſy 
and fimple a Solution of the Reflection of Light, 
as we «5h have of wy, other Fame 
whatever (8 1 en 


75 Perhaps i it may FR 9 Services to one las + hall der . 
mit, to . '0 him of a Fact relating to this Matter, which 


every Philoſopher is not ie Cl of, wiz. That a Piece of Iron, 


when heated, aſſumes all Colours of 10 MIN mga 
becomes red hot. CIR 
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that ſuch Glaſſes were of Uſe among them. 
The one is quoted by Pancirollus from Plau- 


the other is taken from Pliny, C. Julius Me- 
dicus, dum inungit Specillum, &c. The for- 
mer of theſe Quotations is a Fiction, no ſuch 
Paſſage being to be found in the Writings 
of Plautus (); and the Word Specillum in 
Pliny is not to be underſtood of an Optic 
_ Glaſs of any Kind, but of a Probe or other In- 


Time 0). "7 


any Kind were known to the Ancients, 
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07 Microſcope, Ec. | 75 
\DISSERTADION; ub, - 
2 of Microſcopes and ae 85 =; 7 
HAT the Teleſcepe i of Mader - 


vention is moſt cerrain neither does it 
appear that Microſcopes or Open Glaſſes of 


though there are two Paſſages brought to ſhe y 


tus, Cedo Vitrum, neceſſe eff Conſpicillo abi; 


ſtrument made uſe of by the Surgeons of that 


It is Sa e. that i de be of 
a Native of Piſa, was the firſt that kl 


the Uſe of Glaſſes known to the World; 


but our Countryman, Friar. Bacon, who died 
one and tgeoty Vears before him (s), was in 


Parte terza. Let. 16, 
() See Molineux i Dioprics, Part 74 Ch. 6, 3 
0 In 0 Year 1292, 17 
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all Probability, acquainted with them firſt, for | 
he wrote a Book of Perſpective, in which he 


e ſhews that he did not only underſtand 
the Nature of convex and concave Glaſſes, but 


the Uſe of them when combined in Tele- 


. ſcopes (e); though he no where in that Frea- | 
tiſe diſcovers. the Manner i in WER they are to 


be put together. 


The Teleſcope with the concave Eye-glafs | 
was firſt invented by a Mechanic of Middle 


Burg, in Zealand, called Z. Jobannidet, about 
the Year 1590, though F. Lipperhoy, another 
| Dutchman, is Candidate for the ſame Diſcove- 


ry (). From whence this Sort of Teleſcope 


is called Tubus Batauus (x). 


Franciſcus Fontana, a Neapolitan, contends, 
that he was the firſt Contriver of the Teleſcope 


compoſed of two convex Glaſſes, which is * 
the common aftronomical Teleſcope () 


Rbeita pretends to be the Grlt the that . 
that Teleſcope fit for terreſtrial Uſes, by add» 


ing two Eye-glaſſes to it (z). This Kind: of 
"Ry" is called dioptrical. 


0 ger his Perſpedive, Part III. and his Epytla ad erf. | 


(s) Nas Borellus de vero Teleſeopii Inventore. 


1 | (x) This is by ſome called Sele Teleſeoge, u invented | 
= N Rig but Galiles acknowledges, that it was ùpon —2 5 


-  _ the Dutchman had contrived one, that he effected his. 
(3) See his Ob/ervationes celeftium terrefftrium we Nrrum. 


FS. Ocul. Encch & Elie, Lib. IV. Hitt. Acad. Reg. Lib. v. 


I« Cap. 7. 
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"The C atadiiptricat. or refleQin g Teleſcope 


was invented by Sir Iſaac Newton; of which ' _ 


we ſhall give a particular. Deſcription when 
we have explained the former Sort, andſhewn | 


1 the Defects of them. 


"Micr oſcopes are 7 two Kinds, Simple 104 18 
Compound. The firſt Sort conſiſts of one 
Glals; the other of two or more. 5 

The Simple Microſcope is 0 other N 
a convex Lens, through which, as we have 
ſhewn, (Chap, VII.-Prop. 3.) Objects appear 


magnified. 


9 5 Object ſeen through this Microſcope 
appears magnified nearly in that Proportion 
which the Diſtance, at which an Object would 
be ſeen diſtinctly with the naked Eye, bears 
to the focal Diſtance of the Microſcope. $ 

Thus, let AB (Fig. 73. ) repreſent the Mi- 
croſcope, CD an Object placed at the focal 
Diſtance of parallel Rays, or ſomething nearer, 
that the Rays of the fame” Pencil may be 
parallel to each other, or rather diverging in a 
ſmall Degree, when they enter the Eye (this 
Circumſtance being requiſite to diſtinct Vi- 
ſion:) And let the Microſcope be ſo ſmall, 
that al ays that paſs through it from 
the Object may enter the Pupil of the Eye 


| EF at the ſame — * placed cloſe. 1 ** 


0 


78. Of ys Patt HL; 


ds in the 8 (for, unleſs it be ſo ſmall, it will 
ſcarce magnify ſufficiently. to obtain the Name 
0 6 a Microſcope.) Things being thus diſpoſed, 
e Angle under which this Object appears 
will be GIH, or CID; but this is nearly the 
fame it would have appeared under, had 
there been no Microſcope interpoſed (a). Not- 
withſtanding which, the Object is propetly 
enough ai 


croſcope, becauſe, without that, it could not 


bave been ſeen diſtinctly at ſo ſmall a Diſ- 


tance from the Eye, but muſt have been ſi- 
tuated eight or ten Inches from it; and there- 
fore, ſince Objects appear under a larger Angle 
the nearer they are to the naked Eye, this Ob- 
ject appears larger, or is magnified by Means of 
. the Microſcope, in Proportion as it is ſeen diſ- 
tinftly at a leſs Diſtance with it than without 
| Objects therefore are magnified hereby 
nearly in that Proportion, which the Diſtance 
of diſtinct Viſion Feu to the focal Diſtance of 
the Microſcope (5)... 


0 


1 
CLF" 


(a) For had there been 10 Mieroſco wp interpoſed, the ada: 2 


CID would have been in the Middle of the Pupil, (ſee the Note 
in Page 331.) and therefore ſomething lefs, as being farther from 
che Object; but this is an accidental Circumſtance depending on 
the Thickneſs of the Lens, and its Diſtance from the Center of 
- the Pu * and therefore not conſidered in the Theory. 
n Object will alſo appear diſtinct, though it be ſituated at 
2 we ſmall Diſtance from Us Eye, by being viewed through a 
ſmall Hole in a Piece +; Paper, the Reaſon of which was ex- 
plainedin Note, Page ut "then this Hole muſt be made ſo 
very ſmall, that, Ale The Object be N NR in 
will appear "ry ann through it. | 


4 — * „ 
5 
" 
wo * 3 * 1 
* 
o 


3 


to appear magnified by this Mi- 


* 


Diſſent II. — » 


The Form of a Compound Mictoſcope is 
. in the 74th Figure, where AB re- 


. reſents a ſmall convex Lens, whoſe focal 


8 

; 

bs. 
0 


3 N 


iſtance is ſuch, that Rays flowing from the 


Point C may be collected in D; and EF is 
a larger Lens whoſe Focus of parallel Rays 


coincides with the Point D; and FG repre- 


_ ents an Eye fo fituated that Rays proceeding: 
from an Object at KL may enter the Papi 


of it, after ng paſſed through both Glaſſes. 


Things being diſpoſed in this Manner, the Ob- 
ject KL will . 9 . and — dif 


tine. a 
For firſt, let RCS repreſeht a Pencil of 


_ Rays flowing from the Point C, theſe: will 
meet their Axis again in the Point D by 1 
n 


poſition, and croſſing there will ente 


Lens EF diverging from its Focus of parallel 
Rays, and will therefore enter the Pupil of 


the Eye in Directions parallel to each other, 
and concur upon the Retina at Q; the Object 


will therefore appear diſtinct. 


\\ 
Secondly, a Pencil of Rays Bowie from 


another Point of the Object, as L, will meet 
their Axis in M, and, . diverging from thence, 
wlll; after being refracted by the Lens EF, 
become parallel with reſpe& to each other; 

dut with reſpect to the former they will 
converge, becauſe with regard to them, they 

diverged before they paſſed through the Lens 
EF from I, a * more diſtant than its 
| * 78 


1 


9 — . 
| Focus of parallel Rays They will conſequently 
cCrtoſs them at ſome e Diſtance from it, ſuppoſe 
At H, where the Pupil of an E ye being placed 
cdj receive them, the Point L will be r 
ſented at O. And for the like Reafon, the 
Point K being repreſented at P, the Object 
will be ſeen under the Angle PHO or EHF, 
which, as will be demonſtrated in Note (e) 
No is much larger than that under which it wu 
- have appeared to the naked Eye (c.) 
per: That Glaſs AB, which is fituated next the 
Object, is called the. Objedt-glaſe ; that which 
is — next the Eye, the Eye-glaſs (d.) 
This Proportion of magnifying, in a Micro- 
' | ſcope of this Kind, is nearly in a Rat 
compounded. of the Proportion which the 
Diſtance of the Image from the Object- 
_ glaſs bears to its Diſtance from the Eye-glals; 
and of that n the Diſtance of he, Obs 


52 R wy $ 1 kite 8 Sos we view an | Obje: 
through an Inſtrument of this Kind, we are then in -- 4 
looking at the Image of that ObjeR through a ſingle Micro- 
Thus, it is MN the Ima age of the Object KL, formed 
by the Concurrence of the Rays of each Pencil in their reſpective 

dei, which we fee through the Lent ot ſingle Microſcope EF; 
ſo that the Addition of the-Glaſs AB is only that we may have 
an . ** of the Object to look at, kuren than che Object 


itſelf. 


, a Is "OM W t is athied Glaſs * en 
dhe Object-glaſs and the Image, and is called a RA 
This is placed there only to bring the Rays to a Focus 
ſooner, in order that the Image may fall nearer the Dan 
glaſs chan! it otherwiſe would "RES | 


— 2 % N 


21 


Diſſert. III. 444 
ject from the Eye bears to > its s Diſtance from 
me goon, lf Hh (9). 
1 | v4 79 A 
BP: in . 755 he 1 en 
8 = On ays is let Ra be the Md the Point I be 
| AinH; If ” that if be the 
234 will de to XI, as l 0 BX. 
8 ation e On D, the Tecs, of para Ra £ 
erect nin cular DM; and jet IE be an Incident, and LI 
a refrafted Ray: Then whereas Rays flowing from D, and paſ- 

5 through Lens, would after Kefraction be parallel to 7 

er and to DX; a Line drawn from thence 2 the Middle 

of this Ja Rays flowing from M, and paſſing through the Lenr, 

will alſo be refracted into Lines parallel to — and can · 

ſequently to MX, that which paſſes through the Middle of the 

Lens: Conſequently EH is parallel to MX; the Triangles there- 

fore IMX and IEH are fimilar; Dn 1D © B, he Ts. 

IX to XH: But IM is to ME alſo as ID to DX, the Triangles 
IN R N N n andere R n 

to DK. Q. E. D 


© Demonſtration of 0 the Pros oþo tion. To avoid the Confulon which 
mig mg {rnb the Multi Plictty of Lines in the 74th Figure, 
— only CXH and LEH, vi. the Axes 2 the Rays which pro- 
ceed A the Points C and L, be repreſented as in Fig. 75. and 
draw the Line LH, then will CHL be the Angle aa, which 
half the Gbject would be ſeen by the naked at H; but 


3 EHxX is the Angle under which the ſame Ha {Rey 
viewed through the Micro Now this TT 
4 former in a Ratiocompound of the 77, to Bix, = 
* of the ſame EKIX, or n auſe vertical) CL 
: to CHL; 1 the * that — _ —_ bear I. 
* other, 14 t10 C ar 
Ole 842 rw = ich —— ů Ss 
5 | of theſe -Ratid's, vin. EHX to EIX, 1 ar 
n which, as demonſtrated in the Lenmo, 3s the fame thing, an , | 
7. Do; that ie, «48 the Diſtance n from 'uhe 
e D its Diſtance e, And the ee 
2 r. OIL to 'CHL, is as CH 0 CI, chat is, ws the 
& 2 of the Oben kahn tbe Bye %% Diſtance-from 4 
: | 
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After whe has. been faid concerning the 
| StraQture. and 


it to the Eye, the Nature of the common 
eee Teleſcope will eafily: be * — 
"ſtood, for it differs from the Microſcope 

in that the Object is placed at 0 2 3 a Dil 


"ance from it, that, the Rays of the ſame 


Pencil, flowing from thence, may be conſidered 
12 falligg parallel to one another upon the 


Object. 
by that Glaſs is looked 


as coincident with 


its "Focus of parallel Rays. r 


The 76th Figure will render this very plain 


EY which ABC is the Object — the | 


Vw Pencils of Rays ADF, BDF, Sc. but 
ſuppoſed to be at ſo great a Diſtance from 


os Qbjeckeglaſs DF, that the Rays of the 
me Pencil 


may be conſidered as parallel to 
e are FIR ſuppoſed to - 


N * 


it is pro yr to WOT the Angle EEx with that un- 
J 


for diſtin& Viſion; becauſe when a Perſon views 


an Ob = by the wp >> of a Microſcope, he is often obliged to 


Place his Eye at a Diſtance from the Object, very different 
mom that at mnt he would-chooſe to place it, were he to look 


f at it with the naked Eye; and then, inſtead of the Diſtance of 
the Object from the Eye in the foregeing Propoſition, we muſt 

3 5 Diſtance of diſtinct Viken; in which Caſe it will - 
n 


d thus: The Proportion of magui is nearly in a Ratio 
- compounded'of the Pro portion which . Bine of the 


a that 2 the Diſtance of diſtinct * bears to the 


wwe of the A * Object - glaſi 
13 | A EA ar, 5 by, i "CR Now 1 # collected 
« * LY * k 
— nn 4 
8 * I ! "Av a 42 
wa „ — | N * 
55 * 


glaſs ; and therefore the Image made 


ject would appear to the naked Eye at a Diſ- 


We, 
ner in which the Rays paſs through © 
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| Dilbert. III. 4 | Teleſcopes a | 


collected into their reſpeQtive... Foci at. the 
Points G. H, 1, ſituated at the focal Diſtance . 
of the Objeck- glaſs DF. Here they form an 
e, and, croſſing each other, roceed di- 
verging to the * laſs KM; wt being 
laced at its own focal Diſtance from the 
Prints G, H, I, the Rays of each Pencil, after 
ng throug h that Glaſs, will become paral- 
lel a among ee, but the Pencils % od 
will conyerge conſiderably with reſpect to one 
ther, even ſo as to croſs at P, very little 
- farther flom the Glaſs KM than its Fagus ; 
becauſe, when they. entered the Glaſs, their 
Axes were almoſt parallel, as coming through 
the Object-glaſs at the Point E, to whoſe - 
Diſtance the Breadth of the Eye-glaſs KM 
in a long Teleſcope bears ve al Pro- 
5 So. that the Place of the Eye will _ 
nearly at the focal Diſtance of -= Eye- 
glaſs, and the Rays of each reſpective Pencil 
being parallel among themſelves, and their 
Axes croſſing each other in a, larger Angle 
than they would do if the Object were to 
be ſeen by the naked Eye, as we ſhall de- 
monſtrate in the Notes, 2 will be dr Ninct, 
and the Object will appear magnified. | 
The Power of magnifying in this Teleſcope 
is as the focal Length of the ObjeQ-glaſs to 
tg focal Length of the Eye-glaſs 7 Me | 


7 Dem. In oder to ber ale, we may conſider the Angle 
AEC as | that unger -which the © Objea would be feen by th 


not of the Object glaſs; for if t 


- 


of * "of ayer | Pult u 
Ie zs Erient fromm che Figvft, thit Ne vis 


Able Heel, or Space Which cah Ye ſeth at bt 
View when we Rege wr 9 gh this ET 
depends on the of the gla 
. Eye 
de too fmall jth Micky, the Sow 2d 1 5 
the Extremities of the Obje d not 
been ſeen at all: A larger sd of the on 
_  Jea-glaſs condyces ol to the 3 | 
: Point of the Image more luminous 8 23 
T of the OtjeR larger Pencil of Rays from each 
of the Wo 
e fon th this Teleſcope, „ as was dna & | 
| TO compouni Melo in the. N Notes; 
{Page Bo.) that what we fee, - when we 
through it, is not 'the Object itſelf, but only 
an Image of it at GI: Nb, that mage being 
inverted with teſpect to the Object, as it is, 
becauſe the Axes of the Pencils that flow 
from the Object croſs euch other at E, Ob- 
jects ſeen through a "ua of this Kind 
UNO. appear Inverted. 17 
nilled Eye; in eöngdef che Diknce i the objea, the 
Length of the Teleſcope EP may be omitted, as bearing no 


7roportion to it. Now the Angle, under which the Object is 
ſeen by Means of the Teleſco — PM, Which 1555 the other 


AEC, or its Equal KEM, as Te Diſtance EL to LP, orwhic 


is the ſame Thing, by Lemma to the for Note, as EH to 
HL. © The, Angle therefore, un rich a an 00 ject appears to 


an 1 afited by a Telsſoppe 6 Thie Kind, is to that Een 


which it would be ſeen without it, as the focal waer of the 
. hs aha to the tee [Leg of the I e N 
2 * 07% 2 3 * "7 . 0 


1s peculiarly adapted, and 
Rays through it | from the Oder to the Eye 2 


a direct Re reſentation 0 


n the ſame 


mat u. ard Teleſapes 


This is 4 Cireumſtance not at all 1 


ed by Aſtronomers; but for viewing Objects 


n the Earth, it is convenient that the 
eleſcope ſhould repreſent them in their na- 


tural Poſture; to which Uſe the Teleſcope 


with three Eye-glaſſes, ; as 1 n 5 75. 
e Progreis ot the 


is as follo s: 

AB is the Object ſending out the ſeveral 
Pencils ACD, RED, Sc. which paſſing thro 
the Object-g laſs CD, are collected TI their 
reſpeQtive Fpci in EF, where they form an 


| inverted Image, from hence they proceed to 


the firſt Eye-glaſs HI, whoſe Focus being at 
„the Rays of each Pencil are rendered pa- 


rallel among themſelyes, and their Axel, Which 


rh nearly parallel before, are made to xon- 


and 25 each other at K: The ſecond 55 : 
E gl. LM, being ſo p laced that its Focus 


ſhall fall upon K, renders the Axis of the 


Pencils which diverge from thence 7 — 
and cauſes the Rays of each SR 

a among themſelves to meet * 1 
its Focus NO on the other Side, where they 


form a ſecond Image, inverted with reſp ect 


to the former, hut erect with reſpect to "I 
Object. Now this Image, being ſeen by the 
Eye at XY, through the Hye laſs QR, affords 

the Object, 1 
An le * the firſt 42 9 
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placed at K, ſap "the Eyc-glaſſes to be of 
. equal ani 3 10 therefore the Object is 
"ſeen equally magnified In this, as in the former 
that is, as the focal Diſtance of 
' the Obje&-glaſs to that of * one of me 
- Eye-glafics, and appears ere 
If a Teleſcope 3 20 F BY it "ie of no 
j Vie in viewing Objects upon the Surface of 
} the Earth; for if it NO above go or 100 
Times, as thoſe of that Length uſualſy do, the 


Fr Which et gat near the Earth 
0 


in great Plenty, will be Pos as o 
"FROG Viſion obſcure. + 
. The Teleſcope with the once Eye laſ 
1 as follows: 2 2 F 


8 78.) is an Objea ſending forth 
| aha Rays ADE, BDE, Ce. which, 
alter paſſing. through 15 85 Obj jeQglaſs, 'DE, 
| tends towards FG, (where we will ſuppoſe the | 
Focus pf it to de) in order to form an in- 
1 verted Image there as before; but in their 
Way io it ate made to "paſs through the 
1 1 concave. Glaſs HI, fo placed, that its Focus 
may fall upon. 8, and conſequently the Rays 
of the ſeveral Pencils which wers converging 
towards thoſe reſpective focal Points F, 8, G, 
will. be rendered parallel among themſelves, ; 
but the Axes of thoſe. Pencils croſſing each 
E at K, and diverging from thenor, 
: wal * TRY more 8 ſuppoſe in 


the. 


* 1 - 1 | | 
5 K e ts» 6 a M. 4 r r 
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"BF would "have "a Fear, had the Eye been 5 
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Diſſert. III. and — 87 
the Directions LM, NO. Now theſe Rays 
entering the Pupil of an Eye, will form a 
large and diſtinct Image PQ upon. the Rerina, 
which will be inverted with reſpe& to the Ob- 
jet, becauſe the Axes of the Pencils croſs in 
K; and the Angle which the Object will appear 
| under will be equal to that which the Lines 
_ ML, ON; produced back "through: the: Eye- 5 
| glak, form at X. . 
"Tis evident, that the leſs the Pupil of the 
| Eye i is, the leſs is the viſible Area ſeen through - 
a Teleſcope of this Kind; for a lefs Pupil 
would exclude ſuch Pencils as proceed from 
the Extremities of the Object AB, as is evi- 
| dent from the Figure. This is an Inconveni- 
ence that renders this Teleſcope unfit for many 
Uſes, and is only to be remedied by the Te- 
leſcope with the convex Eye- glaſſes, where the 
"Rays which form the extreme Parts of the 

Image are brought together, in order to enter 
the Pupil of the Eye, as explained above. 

It is apparent alſo, that the nearer ' the 
Eye is placed to the Eye-glaſs of this Tele- 
ſcope, the larger is the SA ſeen through it ; 

for, being placed cloſe to the Glaſs, as in 

the Fi igure, it admits Rays that come from 
A and B, the Extremities of the Object, 
which it could not if it was placed farther = 
off. | 

25 The Degris af: magnifying in this Tele- 

; Rope is in "he fame Proportion with that in 


FI 


—— ian 


7 7 * 
= . j * 
N ff, i — 
. Wer 4 OT —— — _ — 5m an — 
— 4 2 — 4 2— — ——— — — * — 
" — * — — 2 as l 


— — — EE. — — — K ot Ie OW os by 


— * — w! 


* 6 It * 


oy other; viz. as the focal Diſtance of the 


Scheer eig is to the focal Diſtance of Ld 


Eye-glals, | | 
Feor there is no . e but this, wiz, 
; that as the extreme. Pencils in that Teleſcope 


were made to converge. and form the Angle 


EN. (FG. 76.) or QPR, (Fig. 7 bore: 


now made to diverge and form the 
(Fig. 78.) which Angles, if the concave Glaſs 


9 in one has an equal refractive Power with the _ 
convex one in the other, will be equal, and 


therefore each Kind will exhibit _ Object 
- magnified. i in the ſame e 


There is a Defect i in all the Kinds of | 


Teleſcopes, which was formerly thought to 


ariſe wholly from a ſpherical Glaſs, not collect- 0 


ing Rays to one and the ſame Point, as was 
obſerved (Chap, III. in the Notes) but it was 


diſcovered by Sir I/aac Newton, that the Imper-. 


fectionof ths Sort of Teleſcope, ſo far as itariſes 


from the ſpherical Form of the Glaſſes, bears 


_ almoſt no Proportion to that which is-owing 


to the different Refrangibility of Light“. This 5 
Diverſity in the Refraction 15 Rays is about 


a twenty-eighth Part of the Whole, ſo that 
the Object-glaſs of a Teleſcope cannot collect 
che Rays which flow from any one Point in the 
»The Error of Refracting Teleſcopes, ariſing from the Us 
Ferent-Refrangibility of — Rays of Light, — late 
k N04 obviated by Mr. N kr r 50. 
* 


Ag MS 2 er een. eee 


XXX 


Object 
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. 
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Dice. In. My — 9 
© Obje&t into a leſs Room than the circular. 


_ whoſe Diameter is about the fifty ſixth Part . 


the Breadth of the Glaſs (g). en finee © 
each Point of the Object will be repreſented 
in ſo large a Space, and the Centers of tholg 
Spaces will be contiguous, becauſe the Points 


in the Object which the Rays flow from are 
it is evident that the Image of an Object made 
by ſuch a Glaſs muſt be a moſt confuſed 


FS Repreſentation, though it does not appear 4 


when viewed through an Eyc-glafs that ma 
nifies in a moderate Degree ; conſequently 
Degree of magnifying. in the Eye-glaſs 8 


not be too great with reſpect to that of the 
Object - glaſs, leſt the Coafation become ſenſible. 


Notwithſtanding this Imperfection, a di- 
optical Teleſcope may be made to magnify 


in any porn Degree, provided it be of fuf- ; 


ngth ; for N greater the focal 
Diſtance of * Object-glaſs i is, the leſs may 


(p). To hew this, let AB, Fig. „ 
e 


ficient 


t CDF be a Pencil of Ra 7 from the Point Dy 
H be the Point at which the leaft refrangible Rays are col 
to à Focus, and I, that where the molt refrangible conc 


le 


„if IH be the twenty-eighth Part of EH, IK will be a og - 


127 Fark of EC (the Triangles HIK and HEC bein 
Conſequently LK will be the twenty ighth . 
FC. Bar MN will be the leaſt Space into which the Rays will 
be collected, » 45 Ape pears by their Progreſs repreſented in the Fi- 
1s 


but 4 half of KL, and therefore it'is 


Now 
oy about the fifty-{ixth Part of CF, ſo that the Diameter of the 
Space, into which the Rays are collected, will be about the ſifty- 


2 Part of the Breadth of that Part of the Glaſs * which | & 
be 


the Rays paſs, Which was is be ſhown, 


d 


| 90 1 07 Microſcopes Part III. 
be the Proportion which the focal Diſtance of 
ite Eye-glaſs may bear to that of the Object- 
glaſs, without rendering the Image obſcure. 
Thus an Object-glaſs, whoſe focal Diſtance 
is about four Feet, will admit of an Eye- 

_ glaſs, whoſe focal Diſtance ſhall be little more 
chan one Inch, and conſequently will magnify 
almoſt forty-eight Times; but an Object-glaſs 
of ſorty Feet Focus will admit of an Eye- 
glaſs of om”, four Inch Focus, and will there- 
fore magnify 120 Times; and an ObjeQ-glaſs 
"of an hundred Feet Focus will admit of an 
Eye-glaſs of little more than fix Inch Fo- 
cut, and will therefore magnify almoſt 200 


—— 


. 77177 00 Oe ng 
The Reaſon of this Dif] tion in their ſeveral ay 
aA e. is to be n the following Manner: Since 
the Diameters of the +295 dns which Rays, flowing from the 

| ſeveral Points of an Object, are collected, are as the Breadth of 
- the Object-glaſs, it is evident that the Degree of Confuſedneſs 
in the Image is as the Breadth of that Glaſs (for the Degree of 
| ae will only be as the Diameters or Breadths of 
thoſe Spaces, and not as the Spaces themſelves.) Now the fo- 
cal Length of the Eye-glaſs, that is, its Power of 'magnifying, 
mo be as that Degree; for, if it exceeds it, it will render 
Confuſedneſs ſenſible; and therefore. it muſt be as the 
Breadth, or Diameter of the Object-glaſs. The Diameter of 
; 8 Object-glaſs, which is as the Square Root of its Aper- 
ture or Magnitude, maſt be as the Square Root of the Power 
of magnifying in the Teleſcope, for unteſs the Aperture it- 
ſielf de as the Power of magnifying, the Image will wang 
Light; the Square Root of the Power of magnifying will be as 
the Square Root of the focal Diſtance of the Obje&-glaſs; and 
therefore the focal Diftance of the Eye-glaſs muſt be only as the 
Square Root of that of the Object-glafs. So that in _ 
Vie of an Object-glaſs of a mage Focus, ſuppoſe than one tha 
| | is 


form an inverted Image ut OP,”  ſoppoling 


{ io! ſhorter ones, without rendering the N canfulc 


Dittert. III. and T eleſcopes.” - 7 


But Teleſcopes of ſuch prodigious Length 
deing very incommodious and unfit for Prac- 


tice, the caradioptyical or reflecting WW 


as it is commonly, called, invented by Sir 
Trac Newton, is infinitely preferable to them; 
or one of theſe, ſix Peck in Length, ſhall 
magnify as much as. one of the other of an 
hundred. The Form of the Tube, and the 
Progreſs of che Rays through it, are as de- 
ſcribed in the 8oth Figure, where ABCD is 
the Tube, BC a concave reffecting Metal, EF 
a plain reflecting Metal fixed to the Tube | 
cans of the Stem HI. MN repreſents 4 


diſtant Object emitting Pencils of Rays from 


each Point, two only of which are here 
repreſented, and thoſe cut off beſore they 
reach the Metal, to prevent Confuſion in the 
Figure. Now it is evident from what has 
been explained above (Chap. X. Propoſit. 3. 


: Caſe 4.) that theſe ' Rays, were they not in- 


tercepted in their Way, would return after 
Reflection at the concave Surface BC, and 


| 1 given, Tt are not obliged to EY an Eye-glaſs of 2 


8 2 Focus than what would ſuit the given 
bject-glaſs, but ſuch a one only whoſe focal Diſtance ſhall 
be.to he focal Diſtance of that which will ſuit the given Ob- 
ject-glaſs, as the Square Root of the focal Length of' the Ob- 
p46 _o make Uſe of, is to the ſquare Nest of the focal 

the given one. And this is the Reaſon thay — — | 
Io are capable of magnifying in à greater De 


Wee. 4 


* 


_ Of Mieroſeopes Part il. 
| o 1 the Place of the Facus of refleged 
Rays, But in this Caſe the reflected Rays 
arg intercepted in their Return to that Place 
5 by the plain Metal, 1725 1 thereby p thaw gi 
 fide-ways, and, inſtead of a He {gs 
2 5 „ 1 * . t . up t mage QR 
RO: Rays have as yet bobs 5 
n. 1 liable to the 
Im thee? + {th w_ different 
=_ Range ” 2 Baa: of Light, nor ig 
e ther except what may ariſe from an 
| -  inaperfet Polih, or the Want of the Form 
of ons of the conic Sections in the Reflecter 
. BC3 and therefore may be viewed by an 
Eze at T with a yery ſmall Lens or Eyes 
99 5 1 appearing either coloured 
9 710 uſed. 
18 being er ee to find the Object with 
X this Form, 2 ſmall dioptrical 
Telekope with two Hairs or Wires Fgn through 
the Tube in the common Focus, of the two 
e, and crofling each other at right 


Apgles,. is generally fixed upon it in ſuch 
a Manner that the Axis of this Teleſcope 


= ſhall be parallel to that of the other, ſo that 
= | when the Object appears in one at the Inter- 
_— ſcion of the Hairs, the other may be duly 
w_— pe 2 viewing the * Oer through 
But this Method of finding an Obje&-is. 
4 incommodious for viewing terreſtrial 
1 3 
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Object, and therefore tlie fume Kind of Te- 


following Manner 


- ABCDEFGH (Fig, 81.) is the Tube, .BG 


the contave reflecking Mets), with an Hole in 
it at IK. LM is another reflecting Concaye 
fixed to the Tube by Means of the Stem NO, 
the common Focus of the two Metals bein 


at P. This being thus diſpoſed, let OR 


Yr on Object emitting ſeveral. Pencils 
of Rays, two of which are Tepreſented in the 
Figure, Theſe, after Reflection, will form 


the two Extremities of the inverted. Image 


ST (as explained Chap. X. Prop. 3. Cafe 4) 


where the ſeveral Rays of the fame Pencil 


eroſs each other, and, being afterwards re- 


flected by the concave Surface LM, become 


parallel among themſelves, but the Pencils 
themſelves are made to converge, and, crofling 
each other at V, paſs through the Lens CF, 
which having its focal Diſtance about V, 


makes the Pencils parallel, and at the ſame 


Time renders the Rays of each Pencil con- 


verging, ſo as to form an erect Image WX, 


which is ſeen by tlie Eye at Y through another 
Zens at DE. ot 1 


This Kind of Teleſcope is called the Gre- 
gorian, as being attempted by J. Gregory, 
though in vain, (See his Optica promota, + 


Propofit. 59.) It is now grown. common, 


and is excellently well adapted for the viewing 
e . _ -» _ * terreſtrial 


th _ Of Microſcopes, c. Part III. 


8 _ Objects, becauſe a Tube of this Kind, 
of two or three Feet in Length, will MIT 
GY for that 3 3 


” "= 


1 ge Rec INE "I a e Hi. 

of the Invention of the ſeveral Sorts of 

Fra Teleſcopes, . he may conſult the 

WM Appendix to the laſt Edition of Gregory's 
„ Optics, where he will find a full Account of 
tit, together with the Letters that paſſed be- 

. tween the Inventors themſelves upon that Oc- 
caſion. And for ſuch Authors as have. > 
| plained the Nature of Microſcopes and Tele- 

ſcopes in general, conſult Mr. "Fobrſon' Bo: 
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DISSERTATION i. 


» N 
: 
fy {1 


We the Rainbow. 


Bie the different Refrangibility of tha 


Rays of Light was diſcovered, all Attempts 
to account for the Appearance of the Rainbow 
proved ineffectual: for it is to the Diverſity of 
their Refrangibility alone which this Ph ng: 
non is to be aſcribed, as will appear from the 
following Explication of it; and in which, as 


it is a Phenomenon not eaſily apprehended by 


Beginners, I hope to be excuſed if I am more 
than ordinarily particular. 


The Rainbow is never ſeen, but when 12 
Sun ſhines upon Drops of Rain which are fall- 


ing on that Side of the Spectator which is oppo- 


ſite to the dun. 

To illuſtrate this, let A (Fig. 92.) repre- 
ſent the Eye of a Spectator, and Jer B, C, 'D, E, 
be a Series of Drops. of Rain falling om 


a Cloud, on which let the Sun be 1 | 


to ſhine from the Parts about 8, 8, Sc. then 
will there, be exhibited the Appearance of 
a Rainbow in the Cloud; and it will be 


formed as follows. Let SB, SC, SD, Ge. re- 
preſent the Sun's Rays, which (becauſe of 


che Sun's great Diſtance) we will ſuppoſe 
parallel; 


| 
7 
5 
14 
| 

' 


70 e bh: es Tx" * 4 188 * 6 1 
96 / ide Rainbow. Part HI. 


| Drop'G at the Point C: Then will fo much 
bol it as enters the Drop, be refracted towards 
the R and proceed on, ſuppoſe 


and Part reflected, ſuppoſe to G (i): Of that 


the 


parallel; ; and let the Ray SC fall upon 


to F, where Part of it will be tranſmitted, 


Which is reflected to G, ſome will be there 


Eye placed any 
| Drop. C will exhibit a Red Colour, that is, 
the Cloud will appear Red in that Place. 
To in Eye placed any where in the Line 
60, the ' fame Drop will exhibit the 1d | 


of Grange Colour, and ſo on through all the 


— 


feflected and ſome tranſmitted; that which 
is tranſmitted will, on account of the Divers | 
fity of Refrangibility to which Light is ſub- 
2 ect (H, be ſeparated by Refraction, and made 

| to exhibit the ſeveral priſmatic Colours, vis. 


Reu, Orange, Yellow, Sc And if the Red 


Light proceeds from the Drop in the Line 
SKN, the Orange, ſuffering a greater Degree of 
RefraQtion, will proceed in one ſituated above 


this, ſuppoſe in GO; and the Yew in GY; 
Sc. and the Violet in GV; therefore, to an 
where in the Line- GR, 4 


Colours of the Prin. 

Now, let us confider the Paſſage of «Ray 
of Light through another Drop at a certain 
Diſtance below "ths, VIZ. the Drop D, on 


* See he hank " which Light 1s fefleBied, Chap v9; 


ch bee e Chap, x1. 


| which | 


naaa 


E 


Diſſert. IV. Of the Rainbow. | 4 
which let SD be the incident Ray. This 


Ray, after having been refracted and reflected 
as the former was in the other Drop, wil 


emerge ſeparated into the Rays HR, HO, HT, 
Sc. of which, if HR exhibit the Red, HO 
will paint the Orange, HY the Yellow, Ge. 

and HV the Violet 1 5 7 and the Ray in- 


Sent upon this Drop, being parallel to that 


which was incident upon the former, the 
Rays exhibiting the ſeveral Colours ſeparated 
this Drop, will be reſpectively parallel to 
e Rays exhibiting. the Correſpandent Co- 


Ban panel by Means of the other Drop; 
. that is to ſay, the Ray HR, which exhibits 


Red in this Drop, will be parallel to the Ray 
GR, which exhibits the * ru Colour in the 


other Drep; and fo of the other correſpond- 


ing Colours. Conſequently the Rays HO, HY, | 
Sc. which exhibit Orange, Yellow, Gc. in 


this Drop, will all converge towards GR, which 


exhibits Red in the other: And therefore 


each of theſe would croſs that, if oduced 


far enough. Let then the Ray HV in dhe 


Figure before us, which exhibits Violet in this 
Drop. be produced till it croſſes that which 
exbibies Red in che other produced alſo, ſu 
pole at the Point A ra A the Eye of the 
Spectator is placed. To this Eye ee 
upon this Sodlition, will be repreſented in - 
the Cloud at the ſame - Time two of the 


priſinatic Colours, viz. Red, and Violet, the 
* . G ; Red 


E yy - 
©. 
- 42 5 


* 
. 
1 
* : 


a. Of the Rainbow. Part III. 
' Red abbve at G, and the Violet below at 
H. But if we ſuppoſe the Eye placed far- 
ther back, where a Ray, that exhibits another 
Colour in the Drop D, would croſs the Ray 
SR, or which comes to the ſame Thing, if 
_-- we-ſuppoſe the Drop D fo much nearer. to 
the Drop C, that that Ray may enter the Eye 
- along With the other at A; then would the 
Colour of that Ray be exhibited along with 
the Red, For Inſtance, if the Drop D be 
placed fo much higher, that the Ray HO 
hich exhibits Orange, may croſs the Ray 
Rat A, then to the Eye will be exhibited 
the Colours of Red and Orange; and if there 
de a third Drop below. this, ſo placed that 
the 7elHow proceeding from it ſhall enter the 
Eye alſo at the ſame Time, then will three 
of the priſmatic Colours appear to that Eye, 
and ſo on for the other Colours, till the 8i- 
tuation of the Drop be ſuppoſed as low 
as where the Drop is, and then the Violet 
and moſt refrangible Light is tranſmitted to 
the Eye; but from Drops below this, no 
Colour is tranſmitted thither, alt the Rays 
Which iſſue from à lower Drop, as E, paſſing 
below the Eye. And as thoſe Rays, Which | 
paſs through the lower Drops, are too lo 
or the Eye at A, ſo thoſe which come 
from the higher ones, as B, are too high, 
as appears by Inſpection of the Figute; fo 
that there is nothing but total Darkneſs _ 
W e 1 


A 
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above and below. Now ſince the Colours of 
the Rainbow ate the ſame with thoſe of the 
Prin, it is evident, from what has been ſaid, © 
that between the Points G and H, all the Co- 0 
lours of that beautiful Phenomenon will appear . 
provided a ſufficient Number of Drops be ſup- 
lied from the Cloud, to prevent any Hiatus of 
| Deficiency in the Light reflected by them. 
But we have hitherto 7acitly ſuppoſed, that 
the Rays SB, SC, SD, &c. were all incident 
with the ſame Degree of Obliquity upon the 
Surface of each Drop (that is, that they enter- 
ed at the ſame Diſtance from that Point in the 
Surface of each Drop which is neareſt the Sun) 
and that that Obliquity was certain and deter- 
minate: For Rays which enter the Drops with 
other. Obliquities conduce nothing towards ex- 
 hibiting the Colours of the Rainbow, and are 
therefore to be looked upon as inefeftual and 
w | in/ignificant. ' The Truth of which we ſhall 
ef now proceed to ſhew. After this we ſhall be 
o enabled to explain the remaining Paryeulary 
10 „„ TOTES 
ys Let then SA, SB, SC, Ge. (Fig. 83.) re- 
8 reſent the Sun's Rays falling upon the Drop 
&y, the firſt perpendicularly. to the Surface of 
W | it, the other with different Degrees of Obliqui- 
ne is according to their different Diſtances from 
| e firſt ; and let the Point at which the two 
io firſt, viz. SA and SB, would meet by Means 
th | of that Refraction which the. oblique one 88 
„F350 [[ 
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which enters the Surface | 
greater, ſhall be the Diſt Una 

meet the perpendicular one after Reftaction at 

that Surface; that is, in the preſent Caſe, that 


— — — —_— * * 


bo - W Rainbow. Part. Hl. 
Fete in pafling throw 8 ws Surface of 
the Irop, be H. IP t Was retdrked (Chap. 


III. Obſervat. 2. in he Notes that Wen 


py ralle! Rays Ay üpon a cohbek 8 rface, the 
e 


arer any 055 of the A Gbes is | to that 
at Which 3 it Will 


the oblique incident Ra SB hall, after Refrac- 
tion at B, (fuppoling it to pals throbgh the fe- 


cond NE of the pe Without Retradtioh) 


meet the perpendic icular Ray SA Produced at a 


15 greater Diſtance than SC Hall; "Af Ie mall 


meet it at a greater than $D Gia 77 — 
a greater than SE, &c. H then bein 
o be the Point Where 8B "meets 8 151 
r there SC, K that were SD, I. That Se 


44 2 that Where SF, Gould met it, Ge. | 


rom wh we may Ibterde, 

That the farther we Like the Rays Fr 
SA, the nearer the Pöintts at Which the * 
27 d Rays fall upon the ſecond Sorfade 6 

Pop. 15 proach to 1 ll We come to he 
te 


| r which, the farther* ve take them 
a Es 2 the farther the Points they fall 
are from % 'For 0 8 0 The Ray 8B alls 


5 N; C upoi 'P, "bat 8 
; "Wes not 1 bey nd P, but bon 05 and 8 
pon N, Oe. : 15 that upon er Point below 


Peet ite o two Rae incident ; and the one bf 


them 


Pendicularly, the 
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9 Uſe of of wh ie e we dat 


1 10 
ee i wks enters the Drop on one Side of | 

th © her en the other ; ; and 
he one s on the one Side, 


FS ow *.-> 


45 Fe he ig 1s on tf 2 * | 
t 


they are from . e farthe 


Point they meet at is from F bis 
, Meet a N ays vB 50 + : 
and by. But let it be remembered, that! 5 TS 
9 underſtood hers and ip what {lows of me - 
egies o Rays only. - 
- Na it is remarkable, that when two nap 
fall upon a Drop, and at their Entrance ate lo 
refracted, as to meet in a Point at the 44 
Surface, and are from thence reflected to ſome | 
other Point of the Surface, and there paſs out - 
of it; they ſhall after ſuch Emergency have the 
fame Inclination towards each other, that they 
had hefore they 8 the Drop. To explain 
12 let AB, CD g. 84.) r repreſent two 
Rays incident upon the ee BEF, and let them, 
| 5 Refraction a B and D, meet at the es 
777 whence being reflected, let the | 
75 at F and G, and Þ> refracted into the I 
H and GI; then e Inclination 73 
incident Rays 5 8 on e to each other, the 
emerging Rays FH GI will have the fame ; 3 
_H_ the A Nagle FRA Wa and Reſſection 
1217 , the Rays EF and EG will 
re ame nit to each other, and to 
the Ses . ey; that the N. E = 


10 8 of fD TOW Part Ut. 


1 bare to each other, and to the Surface at | 
B and D. For if we conceive all theſe Rays 
to flow from the Point E as a Radiant, and BA, 
DC, to be refracted Rays of the incident ones 
_ BB, ED, as FH and GI are of EF and EG, 
it is evident, that under theſe Circumſtances, the 
Rays BA and CA will have the fame Inclination 


do each other, that FG and HI have; but the 


Degree of Refraction is the ſame, whether EB | 
and ED, or AB and CD, be the incident Rays 3 
becauſe che refractive Power of the Drop is the 
ſame, whether the Rays paſs one Way or the 
other. The Propoſition therefore is true. 
From hence it follows, that the parallel 
Bus, SB, SF, (Fig. 83.) which after Refraction 
meet at the ſame Point N, will, if they are 
from thence reflected, ſuppoſe i in the Lines N 
NR, become parallel to each other, after their 
Emergency, ſuppoſe in the Lines QT, RV: 
But heir idee ones SC; 8D, and SE, 
which fall upon quite different Points at the 
ſecbhd Surface of the Drop, and are 8 
thence reflected, will not do ſo, but will go out 
in Directions oblique to one another and to 
them; and will therefore paſs on, not only a 
different Way from them, but from one ano- 
ther: So that the Rays QT and RV will be 
left to themſelves, being deprived of their in- 
termediate ones, by which Means they are 
rendered, as to all Intents and Purpoſes of Vi- 
Tony 8 uſeleſs 125 2 *, " 
Ayn 


Dilfert. IV. Of the Rainbow. 10g 
Again, the Rays SC and SE, which meet 
at the 'Point O, will alfo be parallel among 
themſelves after their Emergency from the 
Drop, but their intermediate ones will paſs off 
another Way, though not ſo obliquely, with _ 
reſpect to them and to one another, as thoſe 
in the foregoing Caſe; becauſe the ſeveral 
Points th fal upon at the ſecond Surface 
of the Drop, being ſituated between O and P., 
are nearer to each other, than the Points the 
intermediate Rays fell upon, in the former Caſe, 
veg *::: - 1 
But ſuch as are incident very near SD on 
each Side of it, will, with their intermediate 
ones, all fall upon, or at an inſenſible Diſtanco 
0 the Point P; ſo that theſe, after their 
Emergency, will all paſs on parallel, or very 
nearly ſo, to each er ; e +1 Pouch 
they enter the Eye of a SpeQator, though he 
he at a conſiderable Diſtance, will affect him 
ſenſibly enough to excite the Idea of their 
_ own Colour (for, as was obſerved above, I 
ſpeak now only of Rays of one Colour) which 
e other Rays conſidered in the forementioned 
Caſes, for Want of their intermediate ones, were 
too weak to do, howeyer near the Situation of 
the Eye might be. Theſe thereforę are the 
only Rays that exhibit the Colours of the Bow, 
and are hence called in Oontradiſtinction to fuch 
as enter at other Paints of the Drops, that i 
with other Obliquities, ua or ee, 
- +, 72 8 | 
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It was proper therefore, in the Explication a- 


- 
KI 


\ 


- 
. 


bove, to ſuppoſe none to enter the Drop, but 
theſe. . As tothe Degree of Obliquity with 


which Rays muſt fall upon the Drops to be- 


come effectual, the Method of finding that will 
be ſhewn in the next Note. e | 


- 


Since then the effectual Rays enter each 


Drop with the ſame Degree of Obliquity (I 


ſtill mean ſuch Drops as exhibit the ſame Co- 
lour) the emerging Rays muſt neceſſarily make 
the ſame Angle with the incident ones in every 


Drop. The Magnitude of which ſhall be de» 
termined in the Note below (a). That is, the 
Angle which the Ray SC (Fig. 82.) makes with 


W Ray GR, which exhibits Reg, will 
be the ſame in all the Drops that exhibit 
that Colour, and ſo of the reſt. Let then the. 


fa) We are here to determine the Angle, which an incident 


22 Ray of any Colour makes with the emerging Ray of 


e ſame Colour. In order to this, let AB, CD, (Fig. 84.) be 
two Rays incident upon the Drop BG, and let them be refracted 


to E, and after Reffection there, and a ſecond Refraction at F 


and G, let them emerge in the Lines FH, and GI, making 


with the incident ones the Angle AKI, which, is the Angle 60 
Let us call the Ratio, which the Sine of the Angle of Incj- 


dence bears to that of the Angle of Refraction, I to R. Then 


from the Center I to the Lines BK, BE, DE, draw the Lines 
LM, LN, and LO, reſpectively perpendicular, and with the Ra- 
din LO, deſcribe the Arch OB. and draw the Line LB, and pro- 


duce it to Q. Then will ABQ, or its Equal LBM, be the 


Angle of Incidence of the Ray AB, and IM its Sine: LBN will 


be the Angle of Refraction, and LN its Sine: Likewiſe LR will 
beth Sine ofthe Angleof Incidence of de oller Ray CD, and 


- 


— 


biken . Of abe ben ws. 


. be ſuppoſed to be drawn from the 
through the Eye of the Spectator, This 


Line, becauſe of the Sun's immenſe Diſtance, 8 


will be parallel to the Sun's Rays SB, SC, SD; 
and therefore the Angle GAI which this Line 
makes with any one of the emerging Rays, for 
Inſtance, GR will be the fame that the incident 
ones makes with it. Let us then imagine the 
Line Al fixed, and the Line AG to revolve 
round it, always making the ſame Angle with 
it; then will the Line IG deſcribe the Surface 
of a Cone whoſe Apex will be at A, and its 
Axis Al, and the Surface of this Cone will 
in all Parts of it make the ſame Angle with 
oy Sun's pe > becauſe they arc panel to 


one 2 


LO the Sine of its A of Refraftion. We fall theefre 
have for the firſt Step 9 Proceſs 


this Proportion, wit. I LN: :I: R 
And for the ſecond - {J2{LR:LO:;1:KR 
But by Conſtruction 3 LO =LP | 
E 2 2d and LÞ : 2 
3 251 
ene x 1 
firſt Members of the fourth } | 8 It, 


Step from the two firſt of | 


the firſt Step reſpeQively, | 
by which 7 ou the Pro- | | 


| 
ö 


Portion between the Terms | | | 
LM-——LR : LN-LP:;: [: * 
 16{ LM—LR=MR- 3 
| [7 | LN=EP=NP 
Therefore fromthelifth,fixth, | + WI W 


. MR: N:: II X 


- 
* 
- 
* 
- 
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* 106 
: * 


. 


8 


* Of ibe Rainbow. Part. III. 


. ² . Patol n 
one another, and to the Axis of the Cone; 


therefore Drops of Rain, whatever Part of this 
Surface they paſs through in falling, will, in the 


Inſtant of Time that they pals through it, ſend 


a red Ray towards the Eye of the Spectator; for 
it is not neceſſary that the Drops ſhould be all at 


the ſame Diſtance from the Eye. In like Man- 
ner, Drops of Water paſſing through the Surface 
of a leſſer Cone made by the Revolution of the 


Line HV about the Line AI, will exhibit V7. 
kt; and ſo for the intermediate Colours. So 


that the Rainbow, where we to ſee it entire, 


would be a compleat Circle having its Center. 


in the Line Al, and conſequently directly op- 
polite to the Sun with reſpect to the SpeCtator's' 


Eye. 


Parallel to BE draw the Line DX, and on the Lines DR and 
DX let fall the Perpendiculars BT and BX, from the Point B. 
Then, becauſe we ſuppoſe! the Rays AB and CD efficacious ones, 
and therefore . infinitely near one another, the little Triangles. 
BTD, BXD, and NOP may be conſidered as right-lined ones, 
and the latter, viz. NOP may be alſo looked upon as right 
angled at P. Upon this Suppoſition, the Triangles BID 
and BLM will be fimilar, for they are rigbt-angled at T and: 
M; and the Angles DBT and MBL want each the ſame Angle 
TBL to make either of them right, they are therefare alſo equal. 
For the like Reaſon the Triangles DBX and BNL are fimi- 
lar, being right-angled at X and N, and wanting equally ebe 
Angle XBL to make their Angles at B right ones. But to the 
Triangle BDX the Triangle NPO is alſo ſimilar, for they are 
right-angled at P and AX, thty have their Sides NP and BA pa- 
rallel, as being each e to the ſame Line BE; a 
their Sides NO and BD are alſe parallel, becauſe the Points N 


2 O, where the Perpendiculars LN .and LO fall, muſt be in 


the Middle of the Lines BE and DE. Farther, ſince the Lines 
BE and DE are coincident at E, and the Points N and O 


| are in the Middle of each, BD is double of NO; and conſe- 


quently, 


is in or above the Horizon, and therefore the 
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Eye. The Reaſon that it does not appear ſuch, 
is becauſe the Sun, when the Rainbow is bent, 


Center of the Bow being oppoſite to it, is # 
or beljww i it, on the other Side de Spectator. 

Since the Angle made by the A5 SC with 
GR, or which is the fame Thing, GR with AL. 
is 42 Degrees and two Minutes, as determin- 


eld in the Note, it is evident that when the Sun 


is in the Horizon, the higheſt Point of the Bou 
. 42 N mags two e above _ Ho- 


rizon. 


Pelle the Triangles NOP and BDX being 3 Bx i is 
uble of NP. .From all which we have the following — 
viz, | 9| BL: BM: : BD : BT 


1» FP BL: BN: 2 BD : BX 
comparing enn ; 

gether | 11] BM: BN: : BT : BX | 

But by Conſtruction 12] BT=MR. . 


And, as was juſt now ſhewn, 13 BX=2NP 
Conſequently from the three 


laſt Steps 14 * BN:: MR N 
But by the eighth Step 15 [I: R: MR : NE, * 
Therefore from the laſt 160 I: 2R :: MR: 
Conſequently from the four- e 
.. 'teenth and fixteenth Step- I BM BN: : I: 2K | 
But from the firſt Step | 18][LM:2LN: :I; 2K 


Therefore from the two laſt} 19] RM: BN: LM: 2LN 
, AGB changing the Places Fan: i542 8 
of the mean Terms in the| {| | Wire * 

a0 Step 200 BM: LM: : BN: 2LN 
And by ſquaring each Term 21] BMq : LMꝗ :: BNꝗ ; 4LNg 
From whence by comparing an £6387 hs: th * 
the Antecedents and Con- 
ſequents with the Antece- 
dents we have 2 BMq + LMq : BMM: Ng 
15 IS. 3 4LNq: BNq 


But 
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ö rizon, for che the Line Al is ll to it; and 
as the Sun riſes the Height of the Bow dimi- 
— — and with it the Portion that is viſible, 
till it is 42 Degrees and two Minutes high; after 
which the Bow appears no more, becauſe t en 
tze Point I is above 42 Degrees below it. 
The Phenomenon, we "ou been explaiping, 
| conſtitutes what is called the primary or inte: 
riar Bow; there is alſo another exterior ta thi 
whoſe Colgurs are _ more dilute and ih, 
WAIC 


Wi wh NPR "the Triang MR 
BML 3s right-angled at 3 BMꝗ =BL 

And for 3 like b « x 12 

Na + LNq is equal to 5k 

1 therefore 24 TY 

| Therefore from the three la : 

OW + 06 tha: Ig: Bt i 


44 
But BLN being a right-an- | 
gled Triangle 26 BNg=BLq—LNg 


THO from the two laſt | N LN | 
teps 27BLq : BM ＋ LNa: 
' Now becauſe BML is aright- F BI, nk 5 : 
angled tran | BL == + | 
Therefore from the two laſt fe PA Fe 25 


Steps 29 Bl: Bbg: :BLq+3LNq; | 
And abſtraQin the two firſt Lf e- 
Terms, viz. BLq and BMq| | 16 


out of the two laſt Terms | 
| e we have 30 . 1 tun. La 


Therefore ſubſtituting I and} * i 
R in the Room of LM ande | 


E in the zoth Step, W 


, F : BM 2249 ; 214 A4 
13 s 423K To 


* 
* 


* 
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Which for that Reaſon ĩs called the ſecondary Bow. 
The Pro reſs of the Rays of Light through the 
Drops of \ Water, in forming this, is as follows. | 
Let A (Fig. 85.) repreſent the Eye of 4 
Spectator. 8B and SC two of the Sun Rays | 
entering the Drops, 1 in the Figure, 
and after being twice reflected in each Drop, 
vix. at D and D, let them paſs out, the on 
at E, the other at F, by which Means they will 
be ſeparated into their homogenous. Colours, © 
. the Violet and moſt refrangible Light being 


The Proportion therefore which the Sine of the Angle of In- 
- eidence bears to that of the Angle of Refraction, when Rays of 
_ any particular Colour piſs out of Air into Water, being known, 
tte Proportion, which the N= BL bears to BM, will bethere- 
b Jerirminat, and theréfore te Angle BEM, of which BM is _ 
the Sine, will alſo be known, and therefore alſo the Angle I. BM, 
which is equal to AB Q the Pegree of Obliquity wherewith the 
atidus Rays enter tte Drop. Bur the Line BM being lenown, 
_ the Ling BN may, be alſo hadtby the 17th Step, and therefore 
alſo the Augle BLN of Which'it is the Stue, and therefore the 
Angle UBN tbo, '6r its Equal LEN; and therefore alſo the 
| Completnent of this laſt, to two right ones, wiz. KEB. If now 
we lübſtract the Angle LBN out of LBM, we gain che Angle 
if we 


EBK, and conſequently che third Angle in the Tri FE 
may Ve tom hence known, vir. the Angle BEE. N 
. this, we have the Angle AKI, which was the Augle 
go: 9 | | 
tf Computation be made after this Manner with e Ra 
of 108 to 81, or (Which is the ſame Thing) that pf 4 to. 3, ſer 
the Red Rays, the Angle A KI (that is, the Angle G AI in Pig. 82.) 
will be found 42 Degrees and 2 Minutes; and iFweinſe the Pro- 
AN of 109 tog, which is the Fryporrion N OP : 
zolet coloured Light, the Angle AKI (or HAl in Fig. 82.) will 
be 40 Degrees 17 ats. le 1 eſe 
two Angles (chat is, the Angle in 2% will 
be the Breadeh of the Bow. "_- * 


* 
* 


conveyed 


Fl 
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' | conveyed hu the uppermoſt Drop. to the Eye 
at A in the Line EV; while the Red, and leaſt 
tefrangible, is carried from the lower one in 
the Line FR, and the intermediate Colours 
from the intermediate Drops: So that 
this Bow the Colours will be in an inverted 
Order, with = & to thoſe of the other, 
the Red being the innermoſt in "this, which 
was the Wr in that. The Colours in this 


will be more dilute than in that, becauſe the 


Rays in this ſuffer two Reflections, in that but 
one; and the Angles, which the incident Rays 


in this make with the emerging ones, are larger 


than the like Angles in the other, as ſhall be 
| determined in the next Note, vis: 30 Degrees 
57 Minutes for the Red, and 54 Degrees 7 Mi- 
nutes for the Violet; this Bow therefore is ex- 
 terior to, and encompaſſes the former... 
As to the Means by which Rays of Light 
Harris eficaciousin the Formation of this Bow, 
it -is- exhibited in Figure 86, where AB, CD 
repreſent two parallel Rays incident with ſuch 
Obliquity upon the Drop, that they ſhall croſs | 
each other before they reach the other Side; 
Which that it is poſſible appears from what was 
faid, with regard to the Progreſs of the Rays 
— Through the Drop XY in Figure 83. Let them 
then croſs in the Point E ſuch, that after Re- 
flection at F and G they become” parallel; 
ſuppoſe in the Lines FH and GI, then from 
we Nature of the Circle it is plain, that after 


Reflection | 


1 

8 * 

Ta * oy 9 
” : * * 

. * 
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Reflection 4 H and I they will croſs again, 
fuppoſe at K, and after Refraction at V and W 
will become parallel as at firſt. And ſuch of | 
theſe as alſo, enter ſo very near one another, that 3 
. ones may ſuffer the like Re- | 
ractions and Reflections with themſelves, will 4 
de the gficacivus ones, ànd exhibit the. Idea of 
their own Colour, at a conſiderable Diſtance 
from the Drop. What the Obliquity is with 
_ Which theſe muſt enter the Drops, and the 
Angle the emerging ones of each particular 
Colour will make with their incident ones, ſhall 
be determined in the Note below (O)). 
(% The Progrefs of the efficacious Rays through the Drop BH 
(Fig. 86.) being as explained above, it is evident, becauſe th 
Angles of Incidence are every where equal to the Angles vf Re- 
flection, that the Lines BG, GI and IW are all equal, and 
therefore the Arches BG, Gl, and IW are ſo too; and likewiſe; 
that the Lines DF, FH, and HV are equal, and therefore alſo 
the Arches DF, FH, and HV: It is alſo apparent, that the 
Arch FG is equal to HI, therefore FG is half the Difference be- 
tween the Arches FH and GI, and conſequently it is half the 
Difference alſo between the Arches FD and GB,which are oh 6 | 
tively equal to theſe. Now, the whole Difference between theſs - 
Arches 1s what remains when FG is taken from BD, therefore 
| the Remainder when FG is taken from BD is double of FG, 
| eonſequently FG itſelf is but one third Part of BD ; for, if when . 
one Quantity is taken from another, the Remainder be double to 
2 Quantity taken away, it is plain that the other muſt: contaia 
e Quantity taken away three Times. oP 
Now the Rays AB and CD bein e infinitely near one 
another, the curvilineal Spaces BED, and FEG may be conlider'd 
2 Triangles, and therefore EG is equal to a third Part of 
B, conſequently N (the Point wheze the Perpendicular LN 


falls upon BG) being the middle Point of the Line BG, EN ie 
equal to EG, and therefore alſo a third Part of EB. N 


* 
* 


— 


f now a ig the 84th Figure, the Triangles BTD and BXD be 
| farmed, an alſo the Triangle NOP, NO will be a hind Part of 
* a 1 ö 7 | 4 * . | , 


& 


! 
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Nox ir we imagine. the Lines EA and FA 
WW $5.) to revolye about the Line AT which 


Paſſes through the Eye of the Spectator and the 


Tentet of the Sun as before, and always to 
make the ſame Angles with it at A, they will 
deſcribe the Surface of two Cones, i in the arger 
of which will be ſituated the Drops that ex- 


hibit Violet, and in the leſſer t ole which 


exhibit Red. So that this Bow alſo, were. it 


to PPE W would be a Wan Circle, 


OTE: and 
# 71 *- 14% - 
. \ f 


BD, and NP a chird Part of BX. "Thetefore reſuming the for- 
mer Proceſs at the 11th Mio we may proceed as follows, 


WR. „ 4 4 48Þ-RM <BN + BT 2-BX- 
By Conſtruction 12 BT=SMR + | 
And bywhatjraruRobfery't 130 BX=3 NP 
Therefore from e ö 
Steps 14 BM: EN: : MR: 3 Ir | 
Brit by che eighth step ff I: R. n 3 
Therefore from the J16]-I:3R:: MR : 3 NT 
Conſequently from the rick] 9885 oy 
anU'16th Steps 177 BM: BN: 1: R a ; 
But by the firſt Step  J]18}LM; LN: 52 buf 
Therefore from the lat 19 LM 3EN + Its 7TY 
. from the T7th ande * 
20 BM 23007 1+ : 1 | 
7 changing che Places of * 3 N 
99 mean Terms in the laſt] _ $55 


121 BM : tr ns 


* un Terms 122 ee e 


Therefore by comparing the 
Antecedents and Conſe⸗- 


Fe with the Antece-| © . | 3 
ty, we have 23 m 4 . "__ :BNq 
by che Figure 24 Bg. = 2 

Ig = Bla + 


. 25 BNd +9 L 
2 11 3 2 e N 


6 . 


"et aa 


ee A to A ab 4 *© 


them. Sa Ak 


The 


But by the Fi 


a Therefore from che two laſt 


But by the Figure 
There from the two laſt 


And bring the two firſt| 
the two laſt 


Terms out o 
Terms, we have 


But by the firſt Step 


herefore 
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and the ſeveral Cones; through whoſe Surfaces | | 
Therefore from the three laſt 
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BL :1 BMq : : BLq+8LNg- 
BNq= 
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BLODM fq-+LM 
PI. BM 14 45 


ita: a LM 
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BLq : BMq : . Iq9-Rq 


roportion of I to R being known, the Proportion 
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which the Radius BL bears to BM is bad by the laſt Step. But | 
to avoid the Confuſion which Multiplicity of Lines may oc- 


caſion, let the 86th Figure be transferred to the 87th with as 
many Lines as mall be neceſſary, in which let AB 


the in- 


cw Ray, BO the refracted one as before. Then, becauſe the 
ar Ne- between BL and BM is known, the Angle LBM may 

A which is equal to ABQ, 

ch which the efficacious Rays enter the Drop; and therefore 
alſo its Complement to two right Ln. SBL. And the Line 


BM' being known, the Line B 
17th Step BMistoBN asI'tozR, _ 


the Meaſure of the Obliquity 


be had, becauſe 
therefore alſo the Anple 


LES or its Equal LGB, and conſequently B BGL the remaining 


le of 'the 


of or HLV, an 


riangle BGL ; but to this is equal the N 
if theſe three be added together,\ and 


by the 


their Sum taken from fourright ones, it will give the remaining a 
Angle about the Center, vis. VLB, which being halved 


the Angle SLB; but the Method of determining Ys Angi 1 A 
was ſhewn before, and therefore LSB, the remainin 
the Triangle LBS, may be had, which Angle double 
or its Equal ASY, which is 
made after this Manner with the Ratio 
of 108 to Br for the Red Rays, this Angle will be found to be 
with 109 to 81, for the Violet, it 


Angle VSB, 
a Computation 


50 Degrees 7 Minutes; 


will be egrees 7 Minutes ; and the Difference, viz. De- 
grew 16 Miners, 7 will be the mo of the Bow. | y | 


Vor ” II. 


e Angle ſought. 


1 


1 & rhe Rainbow, Fan IL: 
the Drops, as they form the Colours of i 


5 0 exterior to, and concentric with it, and will 
therefore ſurround it, as obſerved above. x 


be Water oor e 
impi pinge upon the Surface are in Part reflected 


1 yp in Part tranſmitted ; it i is evident that ſome 
Ray s will paſs out of each Drop after having 


ſußzered three Reflections, ſome after four, Gc. 
theſe alſo will conſtitute Rainboams; but be- 


"cauſe the greateſt Part of the Rays wilt be loſt 
| ſufferin 81 by wh Reflections, that Rainbow, 


| More, Ge. 


through the Eye of the Spectator, no two Per- 


ving one common Aris AI with thoſe 4 9 
* whoſe Surfaces the Drops forming the Colours 
of the other Bow were placed. this will be 


As Rays of Light, when. they enter a Drop 5 


It is evident, e fince . Viz _ 
common Axis of. the Cones, on whoſe Sure 
5 | oo the Colours of the Bow are formed, paſſes 


1 — can ſee the ſame Bo at the ſame Time, 


2 | | 1 & that the Rainbows, ſeen by two Per- 


tent Drops of Raj and d different Parts of 
the Heaven. 


I j Accordingly, ifs eg obſerves the Dew, 5 


ẽs it hangs u e>.Graſs. when the Sun 
mines, he ſhall ſee. = Colon of the Bow in 
tze Drops of Dew; but as he Walks along, 
* Colours ſhall remote from Drop, tp . 


s at the ſame Time, are formed in diffe- . 
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| Diſſent IV. Of RY Rainbows. 115 


Sometimes the lower Part of the * ſhall 5 Rs 


ap upon the Ground, and the u 
e ar it not at all, and then it looks 15 


_ ' a Rainbow lying along- the Ground with the + 


Extremities of its Legs turned [upward into 


the Air: this is when the Sky is clear to- 

Wards the Sun, but foggy on the oppoſite 
Parts, and only to a ſmall Height — the 
Ground. 


The Moon connstimen vocations the Ape 
arance of a Rainbou after the ſame Man» 
ner. that the Sun does, but the Colours ate 


: mach more faint and dilute; 


And laſtly, if Water be continually thewen 
up into the Air oppoſite to the Sun, as from 
a Fountain, and there breaks into ſmall 


the Appearance of the Rainbow will be exe 
hibited in them. ++ 


See more on 4 4 


46. x 


« 6 of te Caen Obſoued Part ur: ; ö 


r * Cm pte 1 "th * 


- Lanthorn. Panda Tb 


fired in'a Hole in a Window-ſhutter, which 
Lens, when no other Light is permitted to 


enter the Room except what paſſes through 5 | 


it, will repreſent all the external Objects that 
are viſible through that Hole upon à white 


Paper held at the focal Diſtance of it, painted 
in their proper Colours. 'To' illuſtrate this, 
let AB (Fig, 88.) repreſent a Window-ſhut- 


ter. CD a convex Lens fixed in an Hole therein, 


and let EF be an external Object; then will 
this Object emit Rays of Light of its own 
Colour from each Part, which paſſing through 


the Lens, as the Figure repreſents them, will 
be collected into Points at GH, and being there 


received upon a white Paper or other 'Sur- | 
face, will repreſent the Object painted in its 


proper Colours, which Colours will be the 
ſtrongeſt of all when the Sun ſhines upon 
that Side of the Object that is next the Glaſs. 


But the Repreſentation will be inverted, be- 
cauſe the Pencils of Rays that flow from the | 


Object croſs in the Middle of the Glaſs. 


1 


"HE c obere is of two Coeds 4 | 
the one is no more than à convex Lens 
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and the Magic Lanthorn. 119 

25 The other Sort of Camera Obſeura is that 
8 * is called the Portable one, and is of 

_ Uſe in drawing Pictures, taking Landſkips, - /, 0 
It is contrived after the, following Manner, 
AlKB (Fig. 88.) is a Box, with a Hole in one 
- Side, in which is fixed the Lens CD (or rather, 
at the Extremity of a ſhort Tube, fixed in that 
| Hole) and in the Situation LM is fixed a Piece 
of Looking: glaſs making an Angle with the Bot- 
tom of the Box of 45 Degrees; this, receiving 
the Rays in their Pallage to GH, throws them 
upwards, and cauſes the Repreſentation to be. 
made in NO, which is there received upon 

the under Side of ſome thin Subſtance 'PQ; | 
that is in a ſmall Degree tranſparent, (as thin 
Paper or Glaſs about half poliſhed) and fo, upon 

opening the Box, appears ready to be drawn 

or copied out. But that the Colours may ap- 
pear ſtrong, the Light, when the Box is open» 
ed, muſt be kept from falling upon he Paper 


_. Glaſs, as much as may: Ds {rob 3d i 'F 


Tbe A Lantbern i is = aden ins. 
wedged: by : Kireber, in order to repreſent 
Objects much larger and more luminous than 
they are. It is no more than a dark Lant- 
horn, in the Side of which there is fixed a 
ſhort Tube, and in the Tube two convenx 
Lenſes, and between them a tranſparent painted 
Image of the Object we would repreſent. The _. 
IE « 5 125 rough. the Lenſes and 


KI. "8 


x pon he Picture be 


3 | nt, will. throw out Rays: in Plenty the oth 
Way: Which Rays, hk paſſing through the 


» 
! he , - 


1 18 Of ts Cuticegt PER we. 


2 enn (Fig. sg) repre- 
ent a burni ng Lamp 


placed as in a common 
EF, be the two Lenſet 


» Lanthorn, nd' let 


placed in the S ren and the 


icture at GH the Situation of the 
[Lens CD. be ſuch, that the Eight which falls 
it from the Lamp may be all thrown 
which Means it N 
tranſpa- 


ſtrongly illuminated; and being 


er Len EF, let us ſu ple 6 be collect 
into their reſpe ſpective oct on an oppoſite 
Wal at IK, and to form an Image there; 


which Image will be larger than the — 


in Proportion as the Diſtance 11. 18 great 


than LH; becauſe the Angles ILR md GLH: 


equal; and the Room being dark every 


| nd 7 the aboyementioned Appar ru, 


— 2 — — 


i ere 1s ſometimes a concave Reflecter placed 
within the Lanthorn behind the — as at 
MN; to gi e a ſtrong — 55 the” 
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the INTRODUCTION. 


"HE Science of "fr y may be dif, * 

guiſhed into NS arts; the firſt 4 
* r Motion of the Heavenly 
Bodies, as they really are in themſelves; the 
ſecond relating to the Phenomena or Ap» _ 

theſe Motions oceafion to a' Spec. 
tator on the Surface of the Earth; and the 
third to the phyſical Cauſe of thoſe Motions. 
The two firſt of theſe, viz. the real Mo» — 2 
tions of the Heavenly Bodies, and the Manner. 7 
_ they ſeem to us to move in, are frequently te 
Reverſe bf each other; that Body appearing 
to us to move Weſterly, which in Reality at 
the ſame Time moves Eaſteriy; and that ſeem- 
ing to tend towards the North, — is ſtand- 


TI ing 


+ 
\'\. 


120 INTRODUCTION. 
ing ſtill, or haſtening towards the South ; and 


the contrary. And becauſe the apparent Mey, | 


tions of theſe Bodies depend upon their rea 


ones, the Order which I ſhall make uſe of, ſhall 


be firſt to lay down their real Motions ; and 
then to ſhew how the apparent ones ariſe there- 
from: After which I ſhall proceed to conſider | 
the phyſical Cauſe of the real ones. But ſince the 
| Generaliry of People are apt to form their judg- 
ment by their Senſes only, and are loth to 
imagine Things different from what they ap- 
pear to be; to prepare ſuch Readers for a more 
eaſy Reception of what follows, it may not be 
amiſs to premiſe the following Particulars, * 
2 of Introduction to this Part, SO 


W 


I. Let us imagine cody one 2 Body i in 


- 


the. Univerſe, 2 in the Midſt of infinite 


Space, like a Ball in the Air; and then en- 
quire whether of the two following Suppoſi- 
tions has the greater Probability on its Side; 
viz. That this Body will continue in its Place; 5: 
. een 
n Purſuance of this Inqu N cha 5 it ma 

| be argued thus: Chis Toquir E 5 vo 
we can make Trial, are obſerved to continue in, 
their Places ee a Support; J neither will. 
this Body remain in the Place it is put, but 
will immediately deſcend, as it were, an 
the lower Regions of Space. 

Es his e is founded upon the Obſers/ 


"REXY 5 : vation 


8 
R ME” 
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vation of Bodies falling to the Ground for 


Want of Support, which is not a parallel Caſe: 
For to fay the leaſt that may be, we cannot 
be ſure but that the Earth itſelf may be the 
Cauſe why Bodies deſcend towards it; as the 
Loadſtone is the Cauſe why Steel approaches 
it when placed within a certain Diſtance from 


it. And if ſo, then, for any Thing that ap- 


pears from hence to the contrary, this Body, 


being the only one in the Univerſo, may re- 


main in its Place without a Support. In ſhort, 
the Argument is juſt as if one chould reaſon 


LED thus: It has never yet been obſerved; but that 
Steel, when placed at a ſmall Diſtance below a 
Loadſtöne, wilt aſcend upwards; therefore, by 


Parity of Reaſon, if all the Bodies in the Uni- 


verſe were transformed into a Maſs of Steel, 


and placed alone in the Midſt of infinite Space, 


9555 that Maſs would aſcend.” The Fallacy of Which 5 | 
Wo way of arguing is ſufficiently apparent. 1 


There is a much greater Probability of T rat | 
in the oppoſite _— and it is more rational 
to argue thus: By all the Experiments and 


Obſervations made upon Bodies, it does not 


appear, that any ever moves out of its Place, 


unleſs impelled by ſome other; or when it 


moves towards another, as in the Caſe of Bo- 


dies falling towards the Earth, or of Steel 
tending towards the Loadſtone. Now the Load 
ſtone is certainly ſome Way or other the Cauſe 
| > the "new; tends towards it, „ 


* | 


: 
x 
1 
U 
i 
1 
1 
14 
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FR 7 an TRODUG TION: 


| (by Parity of Reaſon) in all Probability the 
Earth is ſome Way or other the Cauſe why = 
Bodies are diſpoſed to move towards it: And 
if ſo, then ſuppoſing all the Bodies in the Unis 
vetſe to be collected into one, it would moſt 
25 Likely continue where it was put, without re- 
ng any thing to ſupport it, as having no- 
: yy which might impel it any Way, or to- 
wards which it might move. This, I ſay, be- 
ing the moſt natural and eaſy Deduction we 
can make in this Caſe, ſeems to have the greater. 


Probability on its Side. And farther, 


II. Since there are no Bodies, we can make 

Trial, upon, but what ate diſpoſed to move to- 
wards ſome other Body, as Bodies towards the 
ares or Steel towards the Loadſtone, it is moſt 


obable that the ſeveral Bodies whereof the 


Univerſe conſiſts, would all n towards. one 
anther; if not prevented. "I 
III. Let us ſuppoſe all the Badicecnchs vo 
verſe to be united in obe, and that Body to 
be put into Motion. Now, whereas upon that 


Suppoſition chere is nothing which may _— or 
deſtroy its Motion, it does not appear chat it 


would ever ſtand ſtill, or loſe the leaſt Part 

of it. For, by all the Experiments we dan 
make upon the Bodies about us, there are 
none which, when put into Motion, can be 
topped without ſome Force | 
for that Purpoſe. They will Jeem indeed to 

| oy: of abemſelres. — is always owing | 


applied to them 


. to 


— 


"EE 


| 
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| to fome Im pediment. Accordingly it is found, 


one, the leſs will be the only one in which the 
Motion will be ſenſible, becauſe we have ſup- 
„Which 
will therefore bu ſcarcely moved Out of its Place 255 
by the leſs; juſt as it is with a Loadſtone and a 
Piece of Steel hung up by two Strings near one 


that the leſs — or Rubs Bodies meet 
with in their Way, the longer they continue 


their Motion (a). Whence we may infer, that 
this Body, once put into Motion, would ever 


continue in that State (). 


13 Lav ee eee e Bodies i 
in the Univerſe are compriſed in two, the one 


of which let us imagine to be im 
ter than the other, and placed at ome. 


iſtance from it. Theſe Bodies, if not ob- 
ſtructed, will (agreeably to the Concluſion made 
in Section II.) appr wach towards each other; 

but becauſe 4 lite © one requires proportionally: 


leſs Force to put it in Motion than a larger 


the other to be immenſely 


another; if the Steel be much leſs than the 


Loadſtone, it mall move almoſt all the Wayr 
| towards the Loadſtone, while that ſhall ſcaree 
| ſtir out of its Place; but if the Steel much ex- 
ceods the Leoadftone in Bulk and Weight, the 
Loadſtone ſhall then move to the Steel, and not 


| the Steel to the Loadſtone, as in the em 
Caſe. This being {ea a ak 


(a) See Part T. Chap. 
e mars in Condrnion of thi, Part cu. 
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Let us conceive the leſs Body, while it is at 
ſome Diſtance from the larger one, to have a 
ſwift Motion given it in a Direction parallel to 


* Surface of the larger Body. This Motion 


will in ſome Meaſure prevent the Body from 
approaching to that other; and the greater the 
Velocity is that is thus given to it, the longer 
will the Time of its Approach be protrafted _ 
thereby, and the greater Space it will move 
over before it comes to the Body. The Velo- 
city therefore which is thus given to it, may 
be ſo adjuſted to the Degree of Tendency it 
bas towards the other Body, that it hall move 
round it without ever touching it, re- 
turning to the ſame Place where it was when 
the Motion was at firſt given it. In this Caſe, 
if it meets with no Oppoſition, it will move 
round it in the ſame Path over and over again, 
not unlike to a Stone whirl'd round the Hand. 


. Sling (e). And as a ſmaller Body may 


continually move raund a larger in this Man- 
ner, ſo may ſeveral leſs ones move round the 


ſame larger one at the ſame Time, provided 


the Diſtances of the leſs ones from each 
other be ſo great, that their mutual Tendencies 
towards each other do not e _ yo x 
ny tions (d). 9.19 G3 cet war Bat 


oO he this explained mare at le. and Waſrated, bt. 


. For the ſame n that the GR ſmaller ones =, 

5 WE the larger, they will, alſo. tend one towards Another, 
but with less Ne in roportion to their Smallneſs. 

ex # 


: KS, : This wy 
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2 Fes the Nature and Conſtitution of the Atmoſphere ex- 


3 The INTRODUCTION: 13) 
\ ® "Thisis the Caſe of the Planets and Comets || 


with reſpe& to the Sun, which is a Body im- 
menſely greater than any one of them, placed 


—_ * 
· 


as it were in the Midſt of an infinite Space, and 5 1 


round which they perform their reſpective Re- 
volutions at different Diſtances from it (e)). 


— 4 


5 As to what we call the Sty, in which - 7 
the Heavenly Bodies ſeem as it were fixed, 
it is no real Subſtance, but mere empty Space. 


The Reaſon why it appears to be a Subſtance; 25 f 


is as follows. Was there no Atmoſphere ſur- 
| _ rounding the Earth (J), whoſe Particles might 
| refle other Rays of Light to our Eyes; than 
_ thoſe which come directly from the Sun, all 
Parts of the Heavens, even in Spite of Sun- 
| ſhine, would be quite dark; and the Stars 
%) This Doctrine being allowed, we may ſee the Poflibility ß, 
of the Earth being habitable quite round: For, if Bodies are 
not diſpoſed to move any otherwiſe than as they tend towards 
| ſome other, there can be no more Danger of our Antipodes fall- 
ing from the Earth, than there is of our riſing up into the Air. 
And as to their walking with their Heads downwards with re- 
ſpe& to us, there is neither Inconvenience, nor ſeeming Odd- 
neſs to them in that; for firſt; their Feet are turned towards 


the Surface of the Earth on which they walk, as well as ours 
are; and ſecondly, ſince both the Heavens and the Earth, which 


are the only Things they can judge of their Situation from, = 


have the ſame Poſition with reſpect to their Bodies, when th 5 
ſtand or walk, that they have to us in the like Caſe, their Po | 
tion cannot ſeem otherwiſe to them than ours does to us; for 

a Man cannot tell which Way his Feet are turned, any others 
* wiſe than as his Judgment is directed by the Things about him; 
juſt as one cannot diſtinguiſh North from South in a ſtrange | 

ace, without a Compaſs, or ſeeing either the Sun or Stars. 


4, Part II. Chap. III. 
e I; would 


- % 
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would be viſible at Noon-day C. But. fince | 
the Atmoſphereof the Earth abaunds with Par- 
ticles capable of reflecting Light every Way, 
ſome of it will fall upon our Eyes, to whatever 


Part of the Heavens they are directed. This 


Light, like all other, gives us the Idea of ſome 


Colour. Having an Impreſſion of Colour upon 


our Minds, out Imagination preſents us with a 


Subſtance for it to inhere in: Juſt as, when a 
Man views an Object in a Glaſs, the Light re- 
gularly reflected gives him an Idea of the Co- 
lours of that Object duly ranged ; but it is his 


N | 


N W ſees. 


SY Thus muck by Way of IntroduQion 7 __ 
- muſt not be underſtood: as conta 


| the Probability, of them, 
That ores 


Doctrine in a clearer Light, and abundantly 


evince the Reaſonableneſs of it. Proceed we, 
in the mean Time, to conſider the Order theſe 
Bodies move in, and their ref Diſtances 
from the * which makes Subject of the 


n e 
| oh Sex Chap, in. 


ms... 


all the y 
Reaſons for theſe Things; but only as tend- 
ing to ſhew the Poſſibility, and i in ſome Degree in 


will be delivered afterwards, 
2 W we treat of the Phyſical Cauſes of the 
Motions of the Heavenly Bodies, will ſet this 
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of Y the Heavenly Bodie ies, and their read 


ena 
HE Sun is a Body of prodi Mag- 
nitude, ſituated in the Midſt of an un- 


bounded Space, and the Fountain of: Light 


and Heat to a certain Number of Planets wy 


Comets, which continually move round it (4): 
All theſe, taken together, make up what * 


called the Solar Syſtem, | 
The Planets are in Number 8 ; fa of 


which are called Primary ones; the other ten 
are diſtinguiſhed by the Names of Seng 


ones, Moons, or Satellites, 
The Primary Planets are Mercury, V nu, 
the Barth, Mars, Jupiter, and Saturn. They 


revolve about the Sun at different Diſtances from 
it, moving from Weſt to Eaſt (6), in Orbits EY 


The Sun itſelf is not abſolut at Reſt, but is ſubject 
(a) un i is not abſo al I 


a very ſmall Degree of Motion, which ſhall be conſider'd When 
Bete of the phyſical Cauſes of the Motions of the uber; 


(% When any of the Heavenly Bodies are ſaid. by Nn 


miĩcal Writers to move from Weſt to Eaſt, and from ER to Weſt, 
it is always to be underſtood by. Way of the South. So that Y I 


the latter Expreſſion is meant the Way that the Sun a 


Pears to move in its daily Courſe, by the former is intended. 


con 
(c) By the Orbit of a Planet is meant the Way ar Path TY 
ſeries in moving round the Sun. | | 


o 
- 

„ . that 

- 


I LP 
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aul, Ariftarchus of Samos, an 


* 
N : 
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that are nearly circular, having the Center of 
the Sun directly within each of them, and 


nearly in the Middle; and they are not coinci- 


f 


1 = 
- 


7, 
* 
a. 


dent one with another, but every one has about 
one Half a little above, and the other Half a 
little below each of the reſt. Or, to expreſs 

_ it in the common Way, the Planes (4) of their 
Orbits paſs through the Center of the Sun, and 


are-ſo fituated, that theymake but ſmall Angles 


ZZ Eon ant dt ED ns 
Figure the firſt repreſents the Solar Syſtem, 


wherein the Point 8 is deſigned to denote the 


Center of the Sun ; the Circle AB the Or- 
bit or Path, which the neareſt Planet Mercury 


deſcribes in moving round it; C D, that in 
which Venus moves; F G, the Orbit of the 
Earth; HK, that of Mars; LN, that of Ju- 


piter; and OP, that of Saturn (e). Theſe Bo- 
ier, as they move round the Sun at very dif- 


U 
- 


(4) The Plane of an Orbit is the Space included therein. 


Thus, if the Curve Line ADB E, in Fig. 2. repreſents an 
Orbit, the Surface of the Paper within that Curve repreſents 
the Plane of that Orbit. Or, in other Words, the Plane of the 
Orbit of a Planet is a flat broad Space, out of which the Pla- 


net never ſtrayys. # HITS REI * 
(e) That the Sun is at Reſt, and that the Planets move round 


it as deſeribed above, is an Opinion received of old by Philo- + 
4 the whole Sect of the Fythago- 

rant. The Egyptians were early Qbſervers of the Heavens, and 
from them probably this Notion was received in Greece; tho 
the Notion of the Earth ſtanding ſtill inthe Center, and the whole 


eavens revolving roundit, was generally received and defended, 
till the Time in which Copernicus flouriſhed, vig. about the 


| , Year 1500, who reſtored the ancient Aſtronomy; and ſhewed in 
is clear a Manner how the Appearances of the Heavens * 


- 
* 
- G 
„ Mn 
—— — 
* 
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This Hiper 5 N was excellently we 


| _ as inconſiſtent therewith. 
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26H ef WiRich 
heme, ſo the 
perform their reſpective Periods in vety dif- 
. 5 rent Times, VIZ. ercuty in about hide 
Months; Venut in about feven and à Half; 
the Earthina'Year; Mars in about two Yeats; 


ferent Diſtances, the true Propd 
is nearly repreſented in the 


1. upiter in twelve; and Saturn in not much 


els than thirty. And as they differ in their © 
Periods, ſo they do alſo moſt ſurprifingly in their 


be abebmited for by it, that {+ becanie lobed d tid 
from kim was called the Copernican 4 TX 
ote; | viz. the Prall 


There ate two other Hyporhe/zs of 
and the Tychonic, The e is ſo 7 from Ptolemie 


4 Mathemiticiay of Peluffum- of Egypt, a great Deferider of 
this Hypothes. He ſuppoſes the Fixed Stars to be ſtuck in the 


a7 wy as they appear to the Eye ; the Earth in the Cen- 
roun 


an this, the Sun; at a ſtill N Mars; then ae; 
Srur#'; and beyond all, Firmament with the 
all in the ſame Time th 7. wa to move round us. 
ted to amuſe the Vul- 
Moteas of the Sun and Plaiets being repreſented'by 


| qv the | after the ſame Manner as they appear to Senſe, By 


ſince by the Help of NN s it has been diſcover'd, tha 
Vedi pats qu different Phaſer, like the Moon, the Reaſon of 
which Will be ſh of in 0 Chap: N 


* = befit has its Name from Tycho Brabe, a Ha- 
his Philoſopher fippoies that the Earth 

nds yp and that as the Sun moves round the Barth; the 
Planets move round that, jt as the Secondaries move round 


| their Primaries in the So/ar Syſtem laid down above, There 


another Hypatbefis called the Semitychonic, and differs from the 
"mer, only in this; that whereas that makes the Earth ftand 


only «7 
move round the Earth once a Year. 


Vor. II. * Mag- 


which * Rappoſes the Moon to revolve; aud at a 
ater Diſtauce, Mercury; at a greater ſtill, Venus; at cathy 


I. ckis Hypothefir is entirely laid 


mill, 1 the Sun with on Planets to move round it ny 
Day; ves the Earth a diurnal Motion found its Axis, f 
prot the Jun, with the Planets revolving about it, to 


130 


for when viewed through a Teleſcope, the Side 


only next the Sun is obſerved to be enlightened. 
They are alſo of the Form of a Globe; for 


one Edge of the ſhining Part ſometimes ap- 


pears hollow, ſometimes ſtrait, and ſometimes . 
Eonvex, according as the Planet is fituated with ' | 
regard to the Spectator and the Sun; which it 


could not do, unleſs they were of that Form (g). 


Farther, the Planets do not only move about 


the Sun, as we have obſerved, but turn alſo 
Wu air own Axes G0 at * ſame Time, 
/ >. 56, ed 


"EF wats Migulcades,Diſinees Times of Revolution, with 
their Rotation about their Axes, are more accurately expreſſed 


in the N Table. \ 


. |Diameters Dif. from the Periodical Times. Rotation about. 
in Engliſþ| Sun in Englif * 1 7 
N Miles. Mies. Days. |H]M|S 1D — 
The Sun _ 763,460] . 8 251 6 0 
- - Mercuty | 4,240 32y000,000|  -  $7]23/15]53 not diſcovered, 
Venus 7:90 9,000,000] 22411614c|244ool23Þ1 ? « 
The Earth ' 7»970| Brzc00,000 365 6] 9114 Joo[23156] 4 
Mars | _ 42494 | 123,000,co0| $6/23127130 Joojz4]go] o © 
piter | | 81,155] 424,000,000} 4,332/12/26/z5 Joo] g{55154 | ? 
aturn 67, 870 f 777,000,090] tee 6136j26Tnot known, 


Ch See the Reaſon why one Edge of the ſhinin ow. of 


_ Body rs ſometimes ſtrait, ſometimes hollow, ſome- 

times re, gely explained Chap, VI. 

* By the turning of a Planet aboutits Fxicis meant, Its turn · 
t any two Points in its Surface, that are oppoſite to one 


iert 


De Solar Syſtem. Part IV. 

: Mag nitudes. For ſuppoſing the Circumference 
of ho Sun to be repreſented by a Circle of ten 
Inches in Diameter, the ſeveral Circles Q, V, 
W, X, V, Z, would nearly expreſs thoſe o "the 
| Planets, Mercury, Venus, the Earth, 28 | 


Jupiter, and Saturn, reſpectively (7). | 
heſe Planets. have no Light of their own ; 


# 
* a 
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and the fame Way they do about the Sun, 4s. 
from Weſt to Eaſt. A the former of theſe 
Motions is generally compared to the revolving 
of a Stone in a Sling about the Hand, this lat- 
ter may be compared to the ſpinning of a Top; 
br the turning of a Wheel upon its Axle- tree. 
The Sun itſelf is not exempt from a Motion of 
this latter Kind. - 
This Motion of the Sun wack e of ths 
| Planets about their Axes is diſcoverable by cer- 
| tain Spots, or diſtinguiſhable Parts on their Sur- 
faces; which appearing firſt on one Extremity 
of their Diſks (7), do by Degrees come forwards 


towards the Middle, and ſo paſs on till they : 


reach the oppoſite Edge thereof, where they di- 
* and after they have lain hid about 
e 


ſame Space of Time that they continued 


viſible, they appear again as at firſt.” By the 
Motion of theſe Spots paſſing in a right Line 
over the Diſk of a Planet, or rifing upwards 


one Half of te Ways and deſcending the 


| imaginary Line, fup poſed to be drawn thro” | 
- the Planet N ee of thoſe Points to 15 other, is, while the 
Planet moves about thoſe two NN called its * Thus if 


another; 


the Reader holds a Ball between his Fin "ger and Thumb, and 
turns it round; a Line ſuppoſed to paſs through it from Fin 
to Thumb, *M, in Aſtronomical Language, be the Axis of that 


Ball. And if be takes it up by two other Points, and turns it, 


then will a Line paſſing thro” thoſe other Points become its Ai. 

(5): This: is a Term uſed: by Aſtronomers for the Face of the 
San, Moon, or other Heavenly Body, when it is conſidered as 
2 flat round Surface, as it appears to be: And the Breadth of 
it is conceived to be divided into twelve W Parts, W 

ey ell Lights... — 


* 8 * pe A * 505 4 
id 3 el ax * 10 : other 
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= . Solar 1 1 Iv. + 
over Half, the Situation of the Planet's Lein 


dentiy diſeovered. Theſe 88 are v 
7 FA 1 the LH {x Mary 5 
er; but NO 
— 15 the Sun, and 
Saturn from us, no e 1 
made that could diſcover, any Spots in 5 
| fe that n is uncertain whether theſe 5 
revolye about their Ares or not. As to the 
reſt, — air in hich they. thus reyolve 10 
expreſſed above in Note (7) in Page I 
the Inclination of le Axes in 42 855 
below 6 9 nnen es 
* Jupiter, beſides his Spot, there. are 45 
aces running "TY 
=_— a1 rt is Belts. 3 as, alſo his 


' Spots, are obſervedito undergo ſeveral Changes, 
neither keeping the ſame Magnitude nor "Be | 
tance from one another. And ſome: of his 

5 Spots 1. appeared only for a Time. 

o 


As to the Spots of the Sun, they are ſub- 
ject to much greater Variety of Changes. New 


ones appear, an and old ones vaniſh, others ſuc- 


ceeding in their Room; ſeveral ſmaller ones 
: run together, and form one larger; and larger 


0 Thie Inelinauon of the Axis of the Sun to the Plane in 
„chick the Earth moves, is ſeven e and à Half; that 
of Veni to the ſame Plane fifteen, Degrees , according to an 

Obſervadbn of Signor Blukchini's; at Rem, in the Year 1726 


- . the Earth's 23 Degrees and 28 Minutes; and Mar and Ja- 
eng are nearly at right ow their own Orbits. 


ones 


about which it turns with reſpect to 8 81 is evi» | 


Chap. 1. The gels 8 


ones are ſometimes divided into maler (). 
However, ſeveral have remained on the fame 
Part of its Body long enoy gh to determine the 


Time of its Motion about its Axis. Op | 


C 
Ia the e Beginning of chis Chapter ir yas 


obſerved that che Planets move round the 
Ordits nearly circular, and in . Py 


Sun in 
ane each other in ſuch Manner, aß 


very ſmall Angles with each other. 


the Sun. They differ very little from Circles, 


I) We learn from Hi 


a —— _ im and obſcure Light for a Near to- 
„This 7 7 owing to its being in à great Mea» 
ure covered with $i On : for now there are ſometimes'S ſeen 
upon it, that are ger than the Surfuce of the whole arth, 
2 An Ellip/e 1 1 Fee like an Oval; but ſ 
A Geometric urve, made by the tranſverſe Section of a 
= Mp of a Cylinder.” 


But the Nature of it maybe underſtood. 
7 from the following Deſeri Stick up two, Pins at Fand 


(Fig. 2.) over e e both Ends being tied 
. then with a third Pin at P, within the Thread, 


EC: the Stretch, defcribe the Curve ADBE, which is an 


And if we make Uſe of the ſame Thread, but in- 
2 diminiſh the Diſtance between the 8 


the Fi der 
Ferided will Rift be an Ellipſe, tho? of a diſfe re Kind, Ang 


EEE he cloſe ragerher, the Figure de 


nerates into a 
The 1 G, and ho here the Pins — 
ae Fat : * . 
Were | 
| i the Exerc 


wm. 


| the Form of their Orbits, they ate Le Fo | 
ving one of their Foci (u) in the Center of 


or, toſpeak properly, their Excentyicitie (0) bear 
fore. that the Sun has wanted its uſual 


233; 


* 


. 
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a very ſmall Proportion to their longer Axes ©). 
\ oe as to the Situation in which their Planes 
lie, it is in all nearly the ſame. with that of 
the Earth's Orbit. See the Excentricities of 
their Orbits, and their Inclinations to that of 
the Earth's, in the Notes () and (. 

The Primary Planets are again diſtinguiſhed 
into two Kinds, viz, Inferior and Superior; 
thoſe which are nearer the Sun than the Earth 
is, as Mercury and Venus, are called In erior 
Fes others Superior nes. =o 


The Secondaries are conſtant Attendants of 
a reſpective Primary ones to which they be- 
long, revolving round them, while they them- 
| ſelves move round the Sun. Of the 8 
Planets there are only the three largeſt, as far 
_ as the Obſervations of Aſtronomers have been 
able to diſcover, that have their Secondaries, 
ig. the Earth,” Jupiter, and Saturn. 

00 The Line A B, which paſſes through the Foci, and is ter- 


| . at each End i in the Ellipſe, is called the longer Axis. 


'The Line DE, which paſſes nk the Center of © Ellipſe, 
in a Direction perpendicular to the former, and is terminated. 
by the Sides of the Ellipſe, is the ſorter Axis. | 
- (9) The Excentricities of the ſeveral Orbits of the Planets 
are as follow: Suppoſing the Diſtance of the Earth from the 
Sun 1000 equal Parts, the Excentricity of Mercury's Orbit is 
about 80 ſuch; of that of Yenus 5; of that of the Earth 17; 
of — 141; of Tupiter' $ 250; z, and che! en of Saturn 8 
it 2 
(*) Their Inclinations are as follows, viz. The Orbit of the 
Planet Mercury is inclined to that of the Earth 6 Degrees, 
54 Minutes; that of Venus is inclined to it 3 Degrees, 24 Mi- 
nutes; that of Mars, 1 Degree, th Minutes; that of Jupiter, 
-buta a Pegree, 19 tes j and at of y__ 2 Degrees an 
3 5 Minutes. 


The 


24 
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I.n ue Barth is attended but by one, which is 
1 the Moon,. This Secondary revolves round the —@ 
Earth from Weſt to Eaſt in 27 Days, 7 Hours, 
and 43 Minutes, at the Diſtance of about 60 : 
'Semidiameters and an Half of the Earth from 
its Center (s) ; and performs its Rotation about 
its Axis, which is nearly perpendicular to the 
Plane of the Earth's Motion, 1 in the ſame Time 
and the ſame Way that it revolves about the 
Earth; d NMgter 
The Planet Fupiter hay four Moons, which 
revolve about it at different Diſtances and 
in different Times. The innermoſt performs 
its Revolution in about one Day and eighteen 
Hours, nearly at the Diſtance of ſix Semidia- 
meters of Jupiter from its Center; the ſe- 
cond revolves about it.in about three Days and 
an Half, at the Diſtance of about nine ſuch 
Semidiameters; the third in about ſeven Days, 
at the Diſtance of 14 Semidiameters; the 
fourth and outermoſt Satellite requires almoſt 
* 17 Days to perform its Courſe in, and is diſtant 
ftom its Fenger 25 8 eee nearly (?). 
5 Saturn 


60 The peri of the Moon's Orbit is about 3 of the 
pen ldiameter of the Earth; and its Inclination to T oof of the 
Earth is 5 Degrees and 18 Minutes. The Reaſon that the 
Moon appears fo large, and to outſhine all the other Planers, 
both Primary and Secondary, is, becauſe of the Smallneſs of its 
Diſtance from us in reſpe& of theirs ; for had it been as far re- 
moved from us as ſome of them, it had 1 never been ſeen at all 


us. 
Po. * er as in So following Tobls, 
| 7 


— 


gaeell, 


ies from Weſt t Halt, as their Primaries 4 


1 


$4 


I, Scha Syſtem, Fart rv. 
. has no leſs than five Satellites The 


15 fiſt and innermoſt revalyes about ads. 


Wide and an Half. of Saturm from its 
Center ; the ſecond performs its Courſe in two 
Days and 27 Hours, at the Diſtance of 6 Se- 
midiameters and a Quarter ; the third in about 


4 Days and an Half, and is diſtant from it about 


8 Semidiameters and 


3 Quarters; the fourtn 


compleats its 8 in * 16 Days, at the 
Viſtance of '20-Semidiameters ; the fifth and 


gutermoſt tequires about 29 Days to perform a 
Revolution in, and is 59 Semidiameters of Sa- 
turn diſtant from its Center (). 

Theſe Satellites, as alſo thoſe of Jubiter, 
Perm their Revolutions about their Prima- 


abgut the Sun 
The Orbits of the 3 Planets as. 


Knprefied in Fig 2. by the pricked Circles; | 


| $peell N Times. Diſt. in Semid, 
FD. HIM. s. of n, 
enn I 27 3 366 / 


8 * . 


vt 8 2 13 2 42 9,917 
> ul 218415 | 14.384 
wil OR 15 1 19] 255299 


wo More accurately as in be following Table, 
| Satell, 111 55 Mak Diſt. in Sem. of 


_ e Ring, 
"| 2431] .18 23 | | 


4 1. 17441 23 57 5 5 7 

| 4 _ 23 12 35 | 8 771 

4 115 122141 14 | 8,70 : 
ö rn ** 45 4 Y "OW" 2 , 
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4 c 
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hap, I; The Solar yes * 
| avs, that of the Moon at E, thole of dhe Sa- 


BY of Jupier at 1, and thoſe .of Sworn at 7 
e Pye ors | 
hats By 


— ar pobed te be WG 
1 pectivelyp 
As to the Orbits of che Satellites of or 
and Saturn, Aſtronomers haye obſerved that 
they differ lomewhat from Circles; but whether 
cheſe Secondaries revolve raund their Ae r 
1 has not yet been diſcovered (,,, N“ 
* N * are alſo Bodies, berge 
Light of their own, being Obſerved tes be. 
eclipfed as oft as they enter the Shadows of 
their Primaries, 1 
Beſides its Satellites, Sale is alſo enb ot - 
fed with a flat broad Ring,” not unlike the 
Verge of an Hat, but it na where touches the 
Body of Saturn, the between it and- . 
Saturn being equal to the Breadth of the Rim. 
The Diameter of the acroſs 
from one Outſide to the other, is to e Dias ; 


Wweter of Saturn's Body as 7 0 3 00. 
The Form of the XL] encompaſling the 


Body of Saturn, is expreſſed in Fig E 2 


(x) The Orbits of Tupiter”s Satellites The almoſt in the 
Plane in which Yb it, Hel x moves round the Sun; but th 
'of Saturn deſcribe their Orbits nearly in the Plane of tho R 
roduced, CT t the fifth, the Situation of whoſe Orbit d. 


;ates a little therefrom.” be NO MIND. 


the 2 8 Mefficurs Re#mer, Picard 
( e Rin to eu car, 
1 lined to the 6 'of 


Huygens, is incl rbit of the Earth 45 an An 
= a l we — rms it to ve nearly el * 
ne e Larth's wag ES 
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138 De Solar Syſtem. Part IV. 
The Comets revolve alſo round the Sum in 
Orbits, whoſe Planes paſs through its Center; 

but they are not confined to any particular Di- 
rection, as the Planets are, ſome moving one 

Way, and ſome another: Their Orbits are of 
à very elliptical or oval Form, - ſo that their 
Lengths vaſtly exceed their Breadths; and they 
lie not neatly in the ſame Plane, like thoſe of 
the Planets, but admit of any Inchnation to 
one another. But more of theſe in another 
Place (2). A Portion of the Orbit of a Comet 
is expreſſed in Fig. 1. at abcd (a). 5 


EL 


* 
£ "# ' 


JJC wean oi nah ah hart 
. (a The Claim which the Syſtem here laid down has to a 
Preference to all others, will appear from the following Conſi- 
duerations. . „ . 
I. The Planet Penus moves round the Sun, and not round 
the Earth. For through a Teleſcope it ſometimes appears with 
a bright and round Face like the Full Moon, and ſometimes 
Horned like the New Moon; (ſee Chap. VT.) and when it ap- 
-pears full, it is ſeen near the Body of * Sun, as well as when 
it appears horned: Which Things could not be, did it move 
either round the Earth alone, or round both the Sun and the 
Farth, or round neither of them: For did it move round the 
Earth alone, or round both the Sun and the Earth, it muſt h 
ſeen ſometimes in that Part of the Heavens which is oppoſite 
to the Sun. Did it move round neither the Sun nor the Earth, 
it could not appear both horned and full when it is ſeen near the 
Body of the Sun: It remains therefore, that it revolves round 
the Sun, and not round the Earth, Its Orbit therefore, agree- 
ably to the abovementioned Syſtem, includes the Sun, and js 
within the Orbit of the Earth. RE M 
II. In like Manner we are aſſured, that Mercury turns round 
the Sun in a leſſer Orbit than that of Venus, becauſe it puts on the 
ſame Phaſes with Venus, and is never ſeen ſo far from the Sunas . 
that. Planet is. N VV 
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fides* the Planets and Comets are diſperſed. 


III. The Orbit of Mars includes both the Earth and the 
dun; and the Earth is not in the Center thereof. For this Pla- 
net is capable of appearing oppoſite to, or in any other Situa- 
tion in reſpect of the Sun; which it could not be, -unleſs-it 
moved round the Earth: And it always appears full, or nearly 
ſo; which it could not do, if it ever came between the Sun 
and the Earth. It moves therefore alſo round the Sun. And 
farther, :when Mars is in the vppofite' Part of the Heavens to 
the Sun, it appears about five Times larger than when it is near 

Reb ſhews that ĩt is ſo pas, => nearer the Barth 
in one Situation than in the other: The Earth therefore is not 


in the. Center of its Motion. All which is agreeable to the 


Syſtem above laid down. 


. 
4 * * 


(though, by Reaſon of their greater Diſtance from the Sun and 
us, the Diverſity in their apparent Magnitudes in different Parts 
of their Orbits is not ſo great as in Mars) it is reaſonable to con- 
clude, that theſe Planets alſo have both the Earth and the Sun 


within their Orbits, and that rather the Sun than the Earth is 


in the Center of the ſame. -_- 27 pI | | 
V. Since then the Earth is placed within the Orbits of the 
Planets Mars, Japiter, and Saturn, theſe Planets cannot appear 
to us to ſtand ſtill or to go backward, as Obſervation ſhews they 
ſometimes do appear, unleſs the Earth moves: And fince, as 
we have ſhewn, the Planets Venus and Mercury revolve about 
the Sun, and not about the Earth; fince likewiſe the Earth is 
laced between the Orbits of Mars and Venus, and the Perio- 
ical Time of the Earth, if it does move, is, in Point of Da- 
ration, between the periodical Times of thoſe two; it has been 
thought reaſonable to ſuppoſe that the Earth revolves in like 
Manner about the Sun, as the Planets do, and is therefore 
reckoned in the Number of them. OV. 
VI. But what wonderfully confirms this Concluſion,” is, that 
Harmony which upon this Suppoſition runs through the whole 
Solar Syſtem, wiz. that the Motions of all the Planets, both Pri- 
mary and Secondary, are governed and regulated by one 
and the ſame Law; which is, that the Squares of the Periodical 
Times of tbe Primary Planets are to each other, as the Cubes 
of their Diſtances from the Sun; and likewiſe the Squares g 
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. Other, as the Cubes | of their Diftances 


e 
* 


ery where throughout the Bega; are the 


they are obſerved to keep the ſame Diſtances 


from each other in all Ages, having no Motion 
ke that of the Planets. or Comets. 


2 


ate far removed out of the 4 
Wal therefore he Fonlidered i in a 


themſclves. DR nes F whe 


be perjedical Timer of the 8 — areto tack 
rom that Primary. Now 
mn Moon, which in the 8 above laid down ee fp 
the Earth, in the other — a Primary one; and 
e Rule cannot take Place; becauſe her Periodical Ting 6 2 
fidered as that of a Primary one, does not A Moon 
Whereas, according to the other Sup path Motions 2 
the Heaven! Bodies, as we ſhall ſee Place, are 
accounted for with the greateſt preg 0 7 aregular 
eautiful Fabrick is thereby exhibited, * its e Ar- : 


the Sgnare of the zodical Time of a 8 

"I he it takes up in ers about the Sun, or about its 

Primary, multi iplie by itſelf oxce ; and by the Cube of its Dif- 
tance is meant 2 Diſtance multi bay by itſelf zguice. Thus if 

the Time a Planet moves once round its Orbit in, be 30 Years, 


then zo Times zo is the Square of its periodical Fime: And if 
the Diſtance of s Primary Planer | from the gun, or of a Second, 


ary from its Primary, be 81 Millions of Miles, then's1 Millions 


8 by 81 Millions, and thata Tl Plane by £ 81 —— wy 


ab Diſtance of 


: * 
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| A HB Fic Stars 1 brig ht ſhinin 
Bodies, which, beſides the * an 


Comets, are diſperſed throughout the Heavens: 


They are termed fixed,” as appearing always at 


= the ſame Diſtance from each other. 5 
It is obſervable of the Fixed Stara, that, * INT 


viewed through a Teleſcope, they appear only 
as mere Points deſtitute of all ſenſible Ma 


— This is ſ@ppoſed to be owing to their 


ry great Diſtance from us. That they ap- 


. larger to the naked Eye than with a Te- 


Teleſcope takes off (a). 
From their ſhining with 0 Rrong and ſpa ark 


ling a „ when at the ſame Time they are 


ſo far off that through a Teleſcope th 


Lacy hy 
25 e Nie N 


(a) That the Stars would appear of no ſenſible Magnitude to 
the naked Eye, were it not for that Irradiation, or Brightneſs, 
mentioned above; id confirmed from their bein obſorred to 
 ewinkle ; which the Planets and other Bodies of ſenfible Mag- 

nitude do not. The Reaſon of their 7winkling is, that the leaſt 
Particle of Duſt or Vapour paſſing between the K and them 


is capable of intercepting theit Ap arance for a Time, which 
| W * . g 


1 


leſcope, is aſeribed to that Irradiation or Bright- 8 
neſs which is obſerved to ſurround ſhining Bo- 


dies, hen ſeen in the Darkz and which the | 


"by: 


Aj 


of the: Fixed Stars. Part IV. 


_ own proper and unborrowed, Light : ” 


For if they borrowed their Light, they would 


de inviſible to the naked Eye, ſince the Satel- 
Lites of Jupiter and Saturn, which appear of 
very diſtinguiſhable Magnitudes through a Te- 
1 leſco , are ſo. 

There is another remarkable Circumſtalice 
relating to the ſtarry Heavens; that the better 
the Teleſcopes we make uſe of, the more Stars 
appear: From whence it is thought, that all the 
Fixed Stars are not placed at equal Diſtances 
from us, but that they are every where inter- 
ſperſed, at great Diſtances beyond one another, 
throughout the Univerſe ;. and that probably 
the different Appearances which they make, in 
Point of Splendor and Magnitude, may be ra- 
ther owing to their various Diſtances from us, 
than to any Difference in their Magnitudes. 
The Diſtance of the neareſt Fixed Star is 

uted to be at leaſt go0000 Millions 

. Miles from us; and their Magnitude is 

judged to be ſuch, that if they were as near us 
as the Sun is, they would not 8 7 unlike 

it . 

„ heir appearing 1 ander: various: dae 5 
bas given Occaſion to a Diſtribution of them 

into ſeveral Orders or Claſſes: Thoſe which 


- 
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12 The Merhodo of computing the bite. of the Fixed! Stars 
ewn in Chap. V. 


— Magnitude ; 
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* largeſt, are called Stars of the hf Joes 
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2 o 


Chap II. of 4 Fixed Stars 143 


Magnitude ; thoſe which are neareſt to them 

in Dae are reckoned of the ſecond» Magni 
tude; and ſo on, till we come to the leaſt Stars 
that are viſible to the naked Eye, which con- 
ſtitute the laſt Claſs, and are ſaid to be of the 
= Magnitude. For ſuch as are to be ſeen 
only by the Help of a Teleſcope, are not in- 

. cluded in thoſe fix Claſſes, but are diſtinguiſhed * 
by the Name of Teleſcopic Stars; the Diſtribu- 
tion of the Stars into Claſſes being made long. 
before the Telgſcopic ones were diſcovered; But 

wee are not to underſtand from hence, that all 

the Stars which are viſible to the naked Eye, 
are reducible to ſome one of theſe Claſſes pre- 

- ciſely; for there are ſcarcely two Stars to be 
found exactly of the fame Size: They areonly 
to be ranked in that Claſs, to which their 
Magnitude and Luſtre 2 them the Juſteſt 
Claim. PO 

There is alſo ander Diſtribution of the 
ö Stars into Conſtellationt. The Ancients, that 
they might the better diſtinguiſh the Stars with 
regard to their Situation in the Heavens, divided 
them into ſeveral: Aferiſint or Conſtellations, 
that is, Syſtems of Stars, each Syſtem con- 
. fiſting of ſuch as are near each other. And to 
diſtinguiſh theſe Syſtems from one another, 
they gave them the Names of ſuch Men or 
Things as they fancied the Space they took 
up in the Heavens repreſented, or of thoſe. 
RO reer in re of ſome no- 
2 1 ' 40 table 
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—Y table Exploit they dad a Mind to tranſinit to | 
future Ages. 


Beſides che Startepitained withier theſe Cs. | 


| Kiellations, there are ſome others, which for 
that Reaſon are called Injormes. Of theſe the 
later anno have made ſome new Cons 
ſtellations. 5 


de © Divifon- of the Heavens: ine 


to three: Parts; viz; 1. The Zodiac, or that 


Pottion'of the Heavens in which the Planets 


would appear to move to an Eye placed in 
the Sun. The Breadth of this Space depends 
on the Inclination of the Orbits in which the 
Planets move to one another, and includes 
twelve Conſtellations,” commonly called the 
Signs of the Zodiac, viz. Aries, Taurus, Ge- 
mini; Canter, Leo, Virgo, Libra, Scorpio, Sa- 


gittarius, Capricarnus, Aquarius, and Piſces : 


Aud becauſe: moſt of theſe are Animals, that 
_  Spite- is called the Zodiac. 2. All that Re= 
| 2 of the Heavens which lies on the North 

1 


ide of the Zodiac; and which contains twen- 
ty-one Conſtellations: And, 3. That on the 
Southern Side, which contains fiften. 
There is a remarkable Tract that goes quite 


98880 the Heavens, called the Milky Way. This 


Space has a peculiar White neſs, — by an 
infinite Number of ſmall Stars which are therein; 


and although none of them can be ſeen diſtinctly 


without a Teleſcope, yet they conſpire to render 
— Part of the d „where they are, much 
more 
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more luminous than the reſt. This Trad is in 
ſome Parts ſingle, in others double (277 
Notwithſtanding that ſeeming Imipofſibility 
| of numbering the - Sas their relative Situations 
one to another have been ſo carefully obſerved 
by Aſtronomers, that they have not only been 
able to number them, but even to diſtinguiſh 
the Places of each in the Heavens; and that 
with greater Accuracy, than any Geographer 
could ever point out the Situations of the ſe- 
veral Cities or Towns upon the Surface of the 
Earth. And not only the Places of thoſe few, 
| Rr call them ſo, which are to de ſeen 


2 ro + 3 Þ- 


2 2 eee the * 1656, "looking by' at poo | 
eleſcope at three ſmall Stars very cloſe to one another 
4 Middle of Orien's Sword, ſaw ſeveral more as ufual: 
But three little Stars very near one another, together with four 
larger ones, ſhone out as it were through a whitiſh Cloud much 
brighter than the ambient Sky; which being very black and 
ſerene, cauſed that lucid Part to appear like an Aperture that 
| as a Proſpect into a brighter Regi * He viewed it man 
imes, and found it continued in t ſame Place and of 
the ſame Shape. But in the Philefephicdl Te Ne 347, 
there 1s an Account of a later Diſcovery of ſive more ſuch lucid. 
ts, though leſs conſiderable than this Huygens; the Mid- 
> of which, we are there told, is at preſent in 19 Degrees of 
Gemini, with South Latitude twenty. eight Degrees, forty ſive 
Minutes; and that 1 it ſends forth a radiant Beam into the South- 
Eaſt; as another in the Girdle of Andromeda ſeems to do i into 
the North Eaſt. It is alſo there remarked, that tho? theſe Its | 
. are in Appraraves but ſmall, and moſt of them but-a few Mi- 
nutes in Diameter, yet ſince they are among the Fixed Stars, as - 
it appears they are by theirhaving no Para Har, they cannot fail 
to occupy Spaces immenſely great, and perhaps not leſs than. 


the whole Solar Sy em; in 1 77 Places, it bang ſeem, 
ere is a perpetica map rg 1950 ; 
8 II. ; 5 2 | viith 


C4 


i ſcopic Stars along with thoſe which are viſible 


_- 0% FY Fixed Stars. Part IV. 
with the naked Eye have been pointed out and 


regiſtered by — but even of ſuch as are” | 


diſcoverable als by the Teleſcope. The firſt 

among the Greeks, who numbered thoſe which 
D the naked Eye, and regiſterd their 
Places in a Catalogue, was Hipparchus. ' He 
flouriſh'd about 120 Years before Chrif, and 
numbered 1022 Stars. To this Catalogue the 
Places of ſeveral more have been added by fuc- 
ceeding Aſtronomers, as Ptolemy, Copernicus, 
Tycho Brabe, Ricciolus, and Dr. Halley; which 
laſt. went to the Iſland of St. Helena, where he 
reckoned up and ſet down the Places of ſuch 
Stars in the Southern Hemiſphere as are not 


viſible to us in this. n 


be laſt Catalogue is that of Flamfeed, who 
reckons 3000, of which a great Part are Tele- 
_ feopical. The Number of Stars which may be 
| {cen at one Time with the naked Eye in one 
ere ſeldom exeeeds a Thouſand; which 
11 may appear ſtrange, ſince at firſt Sight 
| eem to be innumerable. But this + 2 
- er is only a Deception of Sight, ariſing 
from a confuſed and tranſient View. Let a 
Perſon ſingle out a ſmall Portion of the Hea- 
vens, and after ſome Attention to the Situation 
of the more remarkable Stars therein, begin to 
count, and he will ſoon be ſurprized to find how 
few there are therein. 
. Yet nevertheleſs, if we confider the Tele- 


to 


\ 


Foe 
i 


| Chap. / ie Fined Stat 47 
do the naked Eye, we may venture to pro- 
nounce them infinite; ſo prodigious arg the. 
Numbers chat m̃ay be Gen in a good Teleſcope. 
| I Thoſe in Mr. Flam/teed's Catalogue; men- 
|. tion'd above; that ars Teleſcopical, are only the 
more remarkable ones, ſuch whoſe. Longitudes 
and Latitudes (that is, their true Situation in 
the Heavens) it was thought worth while to re- 
1 _ and put down. Dr. Hoa; with a Tele- 
ſcope of 12 Feet, ſaw 78 Stars among the P- 
ades, that is, thoſe which are commonly called 
_ - the Seven Stars; and with a longer Teleſcope - 
ſaw more (4). And in the fingle Conſtellation 
of Orion, which in Flamfteed's Catalogue has 
but $06 Stars, there have been ſeen 2000-{c). - 
There is one Thing more which is very re- 


wmuarkable in the Fixed Stars, viz. that ſome of 
1 _ thoſe which were taken Notice of, and had their 
Places regiſter'd, have fince diſappeared: Some 


1 have diſappeared for a Time; new ones 
hae appeared, and afterwards diſappeared : 
N particularly a remarkable one in the Conſtella- 
* tion Cuſſiopeia, in the Year 1572, which ſome: 
| Time after its firſt Appearance out-ſhone the Ko 
.i|- brighteſt of the Fixed Stars, and in ſixteen oi 
1 Months Time by Degrees vaniſhed quite away, 
and was never ſeen ſince. In the Pleiades, which 
uſed to be reckoned 5 long before the Inyention 
df Teleſcopes; there are now but 6 to be ſeen 
with the naked Eye; whence it is concluded, 
| 3 2 . Sydexeomiſt, pag. 197. 
8 K 2 either 


0 
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either that one has to | 
— 1 fainter than it was in former Ages. 


Prom the Similitude there appears to be be. 
i Ewen. the Fixed Stars and the Sun, it is gene- 


tally r e or grown 


rally ſuppoſed by Philoſophers, that they are not 
placed in the Heavens by Way of Ornament only, 


or to ſupply us with a faint Light in the Abſence 


of the Moon; but that each of them is placed 
in the Midſt of a Syſtem of planetary Worlds, 


and that it diĩrects their Motions, and ſupplies 


them with Light and Heat, in the ſame Man- 


ner that the Sun does the ſeveral Bodies of | 


which the Solar Syſtem is compoſed: (4). 


As to thoſe Alterations in the Apfels 
of ſome of the Fixed Stars mentioned above, 
Sir Iſaac Newton conjectures, that, as it is poſ- 


fible the Sun may ſometimes receive an Addi- 


tion of Fewel by the falling of a Comet into 
it, (the only Uſe (e) they ſeem to be of,) fo 


the ſudden S ene of ſome of the Stars, 


which formerly were not viſible to us, may be 
owing to the falling of a Comet upon them, 

and occaſioning an uncommon Blaze and Splen- 
dor for ſome Time. But that ſuch as angie 


and diſappear periadically, and increaſe by very 


x (4) How the Sun directs dhe Motiqns of the Planets will be 
ſhewn afterwards. - 


(e) Sir {ſaac Newton computes, that the Comet which appeared. 
in 1680, approached towards the Sun within leſs than a fixth 
Part of the Sun's Diameter; and from thence concludes, that 


it muſt have been retarded. by the Reſiſtance of the Sun's At- 
moſphere, which is very large; the Conſequence of which is, 


that it muſt come nearer an nearer the Sun oy Revolutions, 
will at laſt it falls into its Body. LY 
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ſlov / Degrees, 
third Magnitude, may be ſuch as having large 


ſeldom exceeding thoſe of the 


Portions of their Surface obſcured hy Spots, 
may, by revolving about their Axes, like the 
Sun, expoſe their I 


» 
Nane OO — — —— . 
» 1 


s E C T. II. 


of 3 apparent Motions of the He ea. | 


wo money Bodies. 
CC HAP. iI. 


2, their apparent diurnal Motion. 


[ Aving n now laid down the true and pro- 


otion of the Planets, and ſhewn, _ 


as far as the Obſervations of Aſtronomers have 


been able to inform us, the Nature of the. 
Sun, the Planets, and the Fixed Stars; we are 
in the next Place to enquire particularly into 
their 5, prong Motions, and ſhew how it comes 
to paſs that theſe ſeem to us ſo different from 


what they really are. And theſe are principally 


of two Sorts, viz. thoſe which arife from " ie 
Motion of the Earth round its Axis, and thoſe 


which are owing to the Motion of the Earth 


and Planets about the Sun. The former of 
theſe ſhall be confider'd in this 9 z * 


19 85 in thoſe which follow. He 
K 3 139 Sings 


hter and darker Parts to us 


* . 
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ferns: round its. own Axis from Weſt to Eaſt, 
very Spectator upon its Surface muſt neceſſa- 
2 le be carried round it the fame Way; and 
ede thoſo Parts of the Heavens which 

lie hid towards the Eaſt, will by and by come 
into his Sight, and thoſe which are viſible to him 
Will depart gut of it towards the Weſt. From 
hence it is that the Specctator, not being ſen- 
' ible of his own Motion the Reaſon of which 
is, becauſe all Thin ut him move along 
with him) imagines t the x whole Heavens to turn 
round the contrary Way, viz." from Eaſt to 
eſt, every 24 Hours, which is nearly () the 
ime that the Earth performs one Revolution 
about its Aris in. is may be ay in 
b he following Manner. e 
Let the Circle STV (Fig, 3.) e the 
th, S the Place of a Spectator, ABC ſo 
auch, of the Heavens as is viſible to him 
n that Situation, and let Abe the Place of the 
Sun or anyother of the Heavenly Bodies: When 
© Dave the Place of the Spectator, is carried by the 
on\ of the Earth about. its Axis to 

| T, the viſible Por of the Heavens will be- 
come BA] ; and the Point A, which be- 
fore was juſt at one Edge of the viſible Por- 


tion of the Heavens, is now in the Midſt of 


N it, or directly over the Spectator s Head. Again 


0 7) The Reaſon 88 this'is, not the exa# Time, is, becauſe 
of the Motion of the Earth in its Orbit performed in the mean - 
(OE. as be by * Chapter ö 

3 — 


. 
4 nnn 
« vg 


«+ 
FLAY 


— 0 


1 ” 
. 
- * 


— 


— 
eng 


. 
1 


* 


— 


3 © 


- < * * — 2 
Py 3 . earns Bn i 424 44 PA we OG. OI CIT 2 Os Ss nents RB 
4 - - A S al whey . Ado. ringed — -R i er ets WS > os a= oy 8 — » 
« . yy 0 ö 1 
< * J 
— ; | 
* + — = 
© bs 
+ oh 
[5] : 
2 if — 
f — * = wy, 
© 3” 
82 I on cas 
A — * 
1 2 | 
. 8 N "% 
* by |) "4 
' : » 
. dn # y ” — . = — 
* ko et % Y 
” = : 
4 — D A - by 
' nt + * * 2 
1 R | > 4 - I ”_—_— ; 
* * . ” 
- — — * ” * — ͤ— — = —— — — OH OTE : 
4 Ld Ly * — * * 
as 4 
— 8 — 
— - wi : % þ 
; — 4 a 7 * % * * * 
—_— 2 * * * * : 
: - — * » : x 
© * 
— * a * : M \ : 7 
* 4 
þ * * * | 
#* 5 : 1 { P : 
/ ; *** % * * 
E * PF Y o % * 
N * 
A W þ 
- „ . F 
y # * tos _ % * 
; a mn 244 * % 
w# + ; \ 4 
— * : a \ Þþ 
7 1 : . . - 
. « x F , 
bo . 7 \ * 
* % N 
; | \ | 
k 4 — * 1 
7 L 
5 : 7 - ? 
7 7 # 
: - 7 1 ”* * 1 7 . 
1 1 1 : * * PR ; : %. 
5 = 4 ry 2 f * 
? % » — * x 
ö * 1 -« 7. % : , ' 
"xs 4 N 1 % 1 
» | { Q I * * 1 
: : h = i 3 4 I 5 * * 7 % 1 ? 
/ - — j : A 7 . | a 15 4 : 
v - % j : , 4 * 
a f „ I N 7 2 Ke bs 5 im $6 * f 
; * , a : - — Fa ; Fs 4. p 
L . om A. : $4 xz, | 
, — 2 2 
— . 
* 
* 
% : . * 
% 
* 6 * 
_ . 
* 5 
« . 1 4 
4 by * 2 
a - 1 — 2 — £ — — —— —. 4 8 
* * . 3 9 * E „ Wo : PEAS * * WT - 1 - . * % 
” 2 * "> 8 X : » a 
* * —— 
* x * 
* _- * 
= 


. le I. ae ere = 


* 
” 
- 
„ 
: > 
* # 
Z % 
- 
* 
o 
4 
* : 
7 
« S 1 = 
- - hd 
* 
*. 
* . 
} 
4 % 
- 
* = " 
4 * 
- 
„ 
4 F * 
* Ly - 
0 
4 
: - 
* 
* 
9 
* 
» 
- 4 
5 * 
1 
AZ 
? c 
, 
"wy 
* 
U 
* % 
« * 
% * 
* 
* * 5 * 
jt * * 1 
* * . = 
” 
3 , 
"Bi. 
* 
=) 5 
* 
* 
* * 
. 
* 
* - 
— —— 
” _- 
"ER", 2 7 
* 
x - 4 
* © 
by 7 
i 
® - 
P * 
ry 
s 
LT "oo 
” 
4 4 
= "1 
bag : * 
. . r qr 4s 1 
W jt 4 - * N 
4 * F 8 
93 0 1 * N A 8 8 
* 82 wy - 
” s 
af” 
* = 
* 
„ ; 2 
c * 4 4 et” af" wt 9 
47 — ; 
we. y i 
* 
* . . 
4 


A * : * 


—— — — 
— —— Dſ——A — — — 


- 


- 


ory 


* 


* 
= £ + wk, 4x: * 
% 


»# , SS — 


= 
= 
* 
2 » 
5 
% 
_— — 
— 
— 
= # 
” 
1 
> = 
* 
" 22 
* 
3 
* 
o 
* 
— 
P * 
1 
. 
I - 4 * 
: * 
q * 
* 
* 
* * 0 
; * 
1 4 
- 
” 5 - p 
N 5 
- 1 . 
Lad — | = * 
82 
* , L | 
. 7 4 E ” 5 — 
5 4 
- & 
k : * * 
* Fi " 
4 
* 4 
* * 1 
9s . 
* * * 
" 9 
— 
- 
8 > : ” 
: £3 . - 
s * F ; 
. 
= 
* 
. 
* Fo a 
— 
. 9 
— — — * mn —— — — a 
r * - W 


Chap. IV. of the Heavenly Bodies. $52 DF 
when the Speftator is got to V, the vißble Part 


a the Heavens is become AD, and the 
Point A is got to the other | Extremity aff it, 
and juſt ready to diſappear; after which it is 
ſcen no more till the e arrives at the 
Point 8 again. 


Frans e of che Rd 3 | 


apparent Revolution. of the Planets and Fixed 


Stats once in 24 Hours; as alfo that of the 
FX Night, therewith the Succeſſion of D 
a | nat the 5 vary fromveach other both in. 


| 1 and Heat, is owing to the Mo. 


tion of the Earth round the Sun, and will bs 


accounted for i in the next Chapter. 
— — WR Fe — an , 
0 H A P. IV. 


of the apparent Motion of the Sun, 


ariſing from 4 Earth s OO 


about it. 


Fo 


: Coaſt, the Shore, the Villages, and 
other remarkable Places upon Land appear to 
change their Situation, and to paſs by him; 
and this apparent Change of Place is of two 
vorts, 1 one is that of Bodies at Reſt, the 
K = n 


8, when a Perſon fails along the Sea 


„ ————7ç＋«—o 1⁊ 


132 07 the natal vr I. 


Change' of whoſe Places depend ſolely on that 
of the SpeRator ;-the — 4 is, that of Bodies 
in Motion, whoſe apparent Change of Place 


depends as well on their own Motion as on 


that of the Spectator ) ſo it is in the Heavens: 
To a Spectator upon the Earth, as it moves 
along 1 its Orbit, the Sun, the Planets, and the 
Fixed Stars er ee their Places; which 
Change in thoſe which are at Reſt i is owin 

wholly to the Motion of the Earth; in thats: 
which move, it is to be aſcribed to he own 
Motion conjointly with that of the Earth: The 
former Kind ſhall be confidered in this Chapter 


and the next; the latter in thoſe which quam: 


To begin with that of the gun. 

As a Spectator in the Sun outs ſos the. 
Earth deſcribing a Circle in the Heavens, which 
is that where the Plane of the Earth's Orbit 
(were we to ſuppoſe it extended far enough) 
would cut them; ſo a Spectator on the Earth, 

being carried round the Sun therewith, would 
imaginet that i it is the Sun which moves through 
the ſame Circle, and in the fame Direction, 
paſſing from Star to Star, till it appears to have 
moved quite round the Heavens. This Circle is 
called the Ecliptic, and from what was obſerved 
above of the Zodiac, neceſſarily paſſes through 
: the twelve Signs thereof. From hence it is, that 

the Sun ĩs ſaid to paſs e the oh os of the, 

7 ee Leaf: . N 
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To illaſtrate this, let S (Fig. 4.) repreſent” 
| the Sun, ABC the Orbit of the Earth, and 
DEF the ſtarry. Firmament. Then if we ſup- 
poſe the Spectator to be in the Sun, as the Earth 
moves from A to B, it will cem to move from 
D to E, deſcribing the Arch DE in the Hea- 
vens, and ſo on; but if the Spectator be upon 
the Earth, then whilſt its moves from A to B, 
the Sun will ſeem to deſcribe the Arch GH in 
the oppoſite Part of the Heavens: And whilſt 
the Earth is paſſing from B to C, the apparent | 
Place of the Sun will paſs from H to I; and 
ſo on through the whole Circle. So that the 
Sun appears to deſcribe the ſame Circle among 
the Fixed Stars in a Vear, that the Earth would 
ſeem to deſoribe in the ſame Time to a Specta- 
wrawthe func 17 977 Sh Bt, nt PIE 
Having thus ſhewn, that the annual Motion. 
of the Earth gives the Sun an apparent one in 
the Ealiptic, we ſhall now proceed to enquire. 
bow the Variety of Days and Nights, as to; 
their Lengths and the different Seaſons of the 
Year, are to be accounted-for, In order to 
which we will premiſe the three following Obs - > 
ſervations. . f ends Bo jor 1 8 20 


I. As the Earth turns round its Avis, there 

are two Points in. its Surface which have na” 

| Motion from thence, viz. the two. Extremi- 
ties of its Axis. Theſe Points arè called the 

Poles of the Earth; that which reſpects the 

N . . North, 


is farther from or nearer to. either Pole; and 


doo ſuppoſe it extended thither, is the E 


of the nt View my 


nts i called the North Pale, the other a) 
+ South Pole, But every other Pot of the 
\ Earth's Surface deſcribes a Circle, which will 
be greater or leſs, as the Point that deſeribes it 


0 conſequently that Circle, whoſe deſcribing Point | 


is equally removed from either, will be tho 15 


Jarpeſt of all. This Circle is called the Equa+ 

zor, by Mariners the Line; and its correfpand- 
ing Circle in the een, or that which the 
Plane of this Circle, would mark out, were we 


ial Cireſe; and thoſe lefter Circles deferibed by by 
other Points of the Earth 8 Surface N irgrs 
Parallels to this, 5 


II. The 45 of Mii Earth, as was & aft . 


above, making an Angle with the Plane of its 
Orbit of 23 Degrees a1 an Half, makes the 
_ fame Angle 3h the Plane of the Ecliptic, thoſe 

two Planes being coineident one wit another. 


Thus ſuppofing the Line AB (Fig 2 1 


preſent the Plane of the E 
Ts and the. Circle DFE + 
Axis of it is not coincident with he oo 


cular DE, but ſtands inclined in the Saaten LT 
ſuppoſing the Arch DF to contain 23 | 


| | deze and an Half, And, 
HI. In whatever Part of its Orbit the Earth 


| its Ari .V 3 3 


Plaue 


wh 


/ 
15 
| 


1 


--- 


parallel to the Ker, while the Earth is in | 


any one Point of its Orbit, the Ait bobs 


every qther Situation of the Earth be 


o the fai Line, Thus fappofing EL Line 


to repreſent the Situation of the Avis of 
the Barth when at DF G, and to be parallel 


0 che Line HI; chen when the Earth is at 
N 416 or any other Part of its Orbit, its r 


„ wilt til be parallel ro the fame Line | 
12 Things being obferyed, let us imagine £ 


-. +4 Plane. of 155 Ecliptic to he repreſented by 


the Line AB (Fig. 6.) ſeen edgeways as before. 
Let the Point S reprefent the Pla 


and its Poles P and p, the former of the Nor 


thy latter the South; andlet EQ bethe Equator, 


mu RN, &c. Paraltets thereof. And let 


ce of the Sun, 
and PE pQ the Earth, whoſe Aru let be P 15 5 


e firſt Place conſider the Earth in he 


Situation KL, or deer beyond the Sun with 
reſpect to the Rye. It is evident from the 
Fi igure, that in this Situation of the Earth, the 
Sun's Place S is in the Plane of the Equator 


| EQ produced ; and conſoquenyhy; whi e the 


| (a) N. B. The . of the Barth deviates "ls tam its 


Pauaralleliſm every Revolution of the Earth about the Sun, but 
in ſo (mall a Degree that the Conſideration of it is better 


omitted hs Pre; CO OO Notice of in the next 
. | 


Earth 


= Ely IV. Motor of is, r55 | 
Plate thereof, and is every where parallel to 
itſelf ; that is, if a Line be 4 as drawn 


4 . 0 ˙ wi ee EE In 
* 


Wy » 


| 


= Op the apparent Part ws 
Earth cles upon its Axis P p, the Sun will 


appear to deſcribe that Cirele. and will en- 


lighten one Side of the Earth from Pole to 
Pole. Whence Half of the Equator, and Half 
of each of its Parallels RN, TC; &c. will bo 
_ enlightened thereby, while the other Half, be- 
Ing on the oppoſite Side of the Earth, will be 
in the Dark. And conſequently every Place. 
on the Surface of the Earth, ſince it muſt, de- 
ſeribe ſome one of thoſe Parallels as it is car- 
ned round by the diurnal Motion, will be as 
long in the Light as in the Dark; that is, the 
Daß sand Night will then be of equal Length 
We over the Earth (5). 

But becauſe the Axis of the Earth i is every 
where parallel to itſelf, as was juſt. now oh- 
ſerved ; when the Earth is carried by its annual 
Motion into the Situation MO (which we will 
ſuppoſe to be a Quarter of a. Circle diſtant, 
from its former Situation, the Poles of the 
Earth being ſtill turned the ſame Way as be- 
fore) i is manifeſt that the Sun's Place S is not 
now in the Plane of the Equator E Q pro- 
duced, (for that would paſs. below the Sun to- 
wards L) but directly over Lo 4 Point in the 
Parallel TC; J. and therefore, as the Earth re- 
_ Oe its K all Places of the Earth 


2 1 2 % cx 0 * 4 


. | 0 ' 
41 When the gun a : to enter . firſt | Degrev'of he 5 


Sign Aries, the Earth is in tha Part of i its Orbix wwe theſe- 
Phanomena 2 , 


* 
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1 


ure 1 e 


Chap. IV. Mom f ib gun. 187 


that lie in this Parallel will come directly un- 
der the Sun once in 24 Hours, as thoſe thar 


lay under the Equator did in the former Si- 


1 


the Sun always N one Half of the Globe 

of the Earth at a Time, they will reach be- 
vond the North Pole as far as F; and on 
the other Side no farther than I. From 
whence it follows, that the Tract of the Earth 
_ which lies within the Circle FG enjoys con- 


tuation of the Earth: And ſince the Rays of 


tinual Day-light, while the Earth is int this 
Part of its Orbit ; and on'the contrary, that it 


SY 


is continual Night to that Part of the World 


| that lies within the oppoſite Circle HI; that 


is, the Sun will not appear to ſet in the for- 
mer, nor riſe in the latter. And farther, greater 


Portions. of thoſe Parallels which lie between 


the Equator and the Circle FG will be in the 


illuminated Hemiſphere than in the dark one, 
as appears by Inſpection of the Figure, in 


which the latter Hemiſphere is diſtinguiſhed - 


from the other by being ſhaded; and d the 


contrary, * greater, Portions. of: ſuch as lie be- 


tween the Equator and the Circle HI will be 
in the Dark, than in the Light. And hence 


it is that the Earth being in this Part of the 


Orbit, the Days are longer than the Nights 


on the Northern Side the 8 ; whereas 
on the Southern Side, the Nights are longer 


than the Days ; and the Difference between the 


Lengths of the Days and Nights is ſo much 


5 the 


„ 


— 


* 
| 


OI T * > * 
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© the gester, as the Place js mere yemote from, 
tie Equator on either Side, becauſe the Dif- 


_ ference between the Portions of the. Parallels 
which are in the illuminated Hemiſphere, and 
thoſe which-are in the contrary one, are greater 
the farther they are from the Equater : But 
: t ſuch as live under the N Day = 5 
Night are in this Situation of the Earth alſo 
. equal to one another, one Half of the Equator 
5 A Jemi- 
0 e © o POR IS EO | B * rl 
Let us now. conceive the Earth to haye 

moved through another quarter Part of its 
Orbit, and to be in the Situation KL again, 
but with this Difference, that it is nom on the 
contrary. Side the Sun to what we ſuppoſed it 
at firſt. In this Situation allo it is evident, that 


the Plane of the Equator EQ being produ- 
ced, will paſs through the Im r 
Muminated Hemiſphere will paſs from Pole 
to Pole as before; for we are ſtill to conceive 
the Axis of the Earth parallel to its firſt Situ - 
ation; ſo that the Sun will ſeem to deſcribs 


the fame Circle in the Heavens, and th 


Days and Nights will be equal every where, 


(e In this Situation of the Earth the Sun appears to be in 
the firſt Degree of Cancer, and to the Inhabitants of che North- 
en Hemiſphere of the Earth iptroduces the $ummer, to thoſe 

of the giher the Winter Quarter, . 


* 


114 1 
= 
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as when the Earth was in the oppoſite Point 
of its Orbit (4). 
But when the Earth has paſſed through ano» 


fy ther Qu: uarter.of its Orbit, (which we will ſup-= 
5 5 to have done, when it is in the Situation 


V.) its Axis P p ſtill remaining parallel to 


FS its former Direction, the Place of the Sun will 


now be vertical to R, a Point under the Parallel 
RN; i that to all the Tohabitants that ſtve 
under this Parallel, the Sun will be vertical 
once in 24 Hours, as it was to thoſe who hve 


under the Parallel TC, when the Earth was 


at MO; and that Portion of the Earth's Sur- 
face which is included within the Circle FG 
will be wholly in the Dark, and that within 
the oppoſite the HI will de wholly in the 


| ; Light: and leſſer Portions of the Northern 
Parallels will be in the Light than in the Dark, 
and greater Portions or, the Southern. So 02 


will then have their Days at the ſhorteſt, and 


thoſe of the Southern at the longeſt. Thoſe 
_ . who live within the Cirele FG will have no 
Day, and thoſe within HI no Night. Though 


” — who live under the Equator, the Days 
Nights are in this, as in all other Situations 


© of he] of an equal Length: the Equator 


(4) In this Situation of the Earth, the Syn enters the firſt . 
Degree of Libra, and makes Autumm to us, and Spring to thoſe 
F | | 


being 
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om it; and therefore thoſe Portions of the Parallels that are 


. 1 


fl 


| f 7 


166 / be apparent Part IVV 
8 being every where eut into two equal Parts by | 
the Boundary of 


9 R 3 = » 
f 3 


, 

* 
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Light and Darkueſs (e) 


v5 Ve 4 14 From 
%) When the Earth is in that Part of its Orbit where theſe 


Phznomena happen, the Sun is then entering the firſt Degree 


of Capricorn, and brings on Winter to us, and Summer to the 
. Inhabitants of the other Hemiſphere, © ... 


: There js another Way. in which theſe Phexomena may be il- 
Iuſtrated; and that is as follows. Let 8 (Fig. 7.) reprefent the 


Sun, and the Circle ABCD the Earth's annual Courſe round 
it; EFGH the Earth, P the North Pole, RT the Arctic Circle, 
IKLE the Tropic of Cancer, FNH'the Northern Half of the 
- Equator ; the ih | | 
the illuminated one: Aud let X be the Place of the Sign Aries 


aded Part the obfcure Hemiſphere, the other 


in the Heavens, V that of Cancer, M that of Libra, and Q_that 
of Capricorn. e e nne 


When the Earth is in that Part of its Orbit that reſpets M or 
Libra, the Sun appears in the oppoſite. one, wiz. at X, or i 


Aries ; and the Circle GPE, which ſeparates the light Hen | 


ſphere from the dark one, paſſes through the Poles of the Earth, 
| therefare cuts each Parallel of the Equator into two equa 


arts, and thereby renders the Days and Nights every where 


equal 


Bat while the Earth in its annual Courſe moves from M to- 


wards Q, which we will ſuppoſe to be a Quarter of a Circle diſ- 


tant from it, its Axis. being directed as before, the Pole P will 
8 advance into the illuminated Hemiſphere, and that 
ortion of the Parallels that are therein will continually increaſe 


until the Earth is arrived there: In which Poſition the Bound- 
ary of Light and Darkneſs paſſes through FRH, the Pole P. 
and all the Space within the Arctie Circle falling wholly within 


the illuminated e and thoſe Portions of the ſeveral 
Parallels that are in e Light, will be longer than thoſe which 


18 


are in the Dark; all which is evident from the Inſpection of tus 


Figure, 80 that in the Northern Hemiſphere of the Earth the 


© "Pays will be at the longeſt; and the Nights at the ſhorteſt. 


Again, as the Earth is moving from Q towards X, the Pole 
Þ begins to incline towards the Line that diſtinguiſhes Light, 
rom Darkneſs, for the like Reaſon that before it Aw 
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From this apparent Shifting of the Sun from 
one Side of the Equator to the other, thoſe. 


Parallels of the Equator, mentioned in the fore- 


going Explication, have been diſtinguiſhed from 
the reſt by particular Names, as the two Troprcs, 


and the two Polar Circles, The Tropics are 
TC and RN: The former is called the Tropze _ 
of Cancer; becauſe, when the Sun ſeems. to de- 


ſcribe that Circle, it then appears to be in the 


firſt Degree of that Part of the Ecliptic which 


is diſtinguiſhed by the Sign Cancer: The latter 


is called the Tropic of Capricorn; becauſe at 
- that Time of the Year when it appears to de- 


ſcribe that Circle, it is entering the firſt Degree 
of the Sign Capricorn. The two Polar Circles 
are FG and HI; the former the Arctic, the. 
latter the Antarclic. Theſe are juſt as far dif-_ 
tant from their teſpective Poles, as the Tropics 
are from the Equator; viz. 23 Degrees and an 
_ Half: this being a neceſſary Conſequence of 
the Sun's illuminating but 'one Half of the _— 


Globe of the Exrth at a Time. 


N 5 * 
INS 8 1 


in he Light rradually lefſen till the Earth arrives ai; at. 
which Time that Line-will paſs through it again, and fo make 


the Days and Nights every where equal. 


CEN 


But afterwards the Pole will —— to fall into the obſcure | 


Hemiſphere, and ſo recede Py from the Light, until the 
0 


Earth comes to Y ; in which Situation, not only the Pole, bat 


the whole Arctic Circle will be involved in Darkneſs ; 3 and 1 


thoſe Portions of the ſeveral Parallels that are in the Li 


ht, will 
be ſhorter than thoſe which are in the Dark; fo cha obs ah ; 


"_ be at the ſhorteſt, and the DIR at the * 


| Vo L. II. L' | ; The Br. 


" —— Re ie — 
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The Daya? and Nights being of ah equal 


Length, when the Sun appears to be in thoſe 


Points where the Equator cuts the Ecliptic, . 


( D. the firſt Degree of Aries and Libra r 
ate from thence called the Equinoctia! Points, 
and the Times of the Year. anſwering thereto 


the Equinoxes;. one the Yernal,:the other the 


_ Autumnal : And of the Eguinoctial Points, that 
where the Ecliptic eroſſes the Equator in its 
Aſcent towards the North Pole, is called the 


vernal Equino&ial Point; that where it croſſes 
it in its Deſcent towards the South Pole, the 
Atttumnal: And a Circle imagined to 4 


- through them and the Poles of the Ear wa 5 


called "the Equinoial Colure. 
And becauſe when the Sun ſeems to deſcribe 


either of the T; ropic Circles (that is, when it 


enters the firſt Degree of Cancer. or Capri- 


corn) it being about to revert to the Equator, 
does, as it were, ſeem to ſtand ſtill, neither re- 


ceding from, nor approaching towards i. 
theſe Points are called the So/fiz71al Points ;. 


and the Times of the Vear anſwering . \ 
to are termed the two Solftices ; ; the one 
the Summer, the other the Winter. And a 
Circle conceived to paſs through the Poles bf 5 
the Earth and theſe Points is called the S. 
 fiitial Colure. And laſtly,” theſe four Points 


of the Heavens being thoſe; in which the Sun 


appears to be when the four Seaſons of the Vear 


. the * OR Autumn, * W bite) 
| | begin. 


£ 4 
- P 


I 
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begin, are diſtinguiſhed by the Names of Cars |): 
dinal Points. 5 
If a right Line Nele pi to the Plans s 
of the Ecliptic be ſuppoſed to paſs through the 
Center of the Sun, and to be extended both. 
Mays to the Heavens, this Line is called the 
Au of the Ecliptic;, and the two Extremities 
thereof the Poles of the Echptic, But this Line 
is oft conceived to throug h the Genter of : 
the Earth inſtead of the "re for they are ſo 
near to each other with reſpect to the Diſtance 
of the Heavens, that the Difference i is not ma- 
terial. . 
The Sun being not placed in the Center bf 
' thoſe Elkpſes na 2p the Planets deſcribe in 
moving round it, but in one of their Foci, 
as was obſerved above, it follows, that they 
muſt be farther from the Sun in one Part of 
their Orbits than in another. And not only 
ſo, but they muſt alſo move faſter, in one 
Part of their Orbits than in another; becauſe, 
|  as- hath' been already demonſtrated in Part IJ. 
Chap. X. Page 65. Whatever Orbit a Body 
deſcribes, if it be retained therein by any cen- 
tripetal Fotce whatever, it will deſcribe equal 
Area in equal Times; that is, it will move 
faſter in Proportion as it approaches nearer to 
the it revolves about, and flower the 
flarther it is from it. And accordingly it ie 
8 obſerved: 42 8 that the nearer a 
5 ee ee 


1 
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Planet comes to the Suni in its Orbit the ſiſter 
1 moves. 

The Conſequence of chis i is, that the N 
* not appear to move uniformly along the 
Echptic, but in ſome Days to deſcribe a greater 
, Portion of it than in others (7). In Winter it 
moves the faſteſt, in Sumer the ſloweſt; in- 
ſomuch that it takes up eight Days more in 
poaſſing from the Vernal to the Autumnal Equi-- | 
nor, than in its Paſſage from the Autumnal to 
the Vernal; altho' in either of theſe Intervals 
of Time it moves N juſt Half of the 
Ecliptic. N 

When an Ellip/e is conſidered as the Orbit | 
of a Planet, the longer Axis thereof is called 
the Linea Apfidum ; and if the Focus F be the 
Place of the Sun (g), the Point A is called the 


e, os (2, or TOP? Aba; and the 


© oppoſite a. 


(0 Hence! it is, chat in one EM of 15 Vear 52 Sun is ba F 
hep towards the Eaſt, and in another farther towards the Weſt, 


chan it would ſeem to be, was its apparent Motion in the Ecliptic . 
uniform; ſo that ĩt paſſes the Meridian ſometimes ſooner, ſome- 


times later, than the Time at which a Clock that moves uni- 


| formly would indicate the Hour of Tavelve. This is one Reaſon - 


that Sun-dials are obſerved to go ſometimes flower, and ſome- 
times faſter. When the Sun appears too far toward the Eaſt, _ 
they are too low; when it a pears too much to the Weſtward, - 
they — oy” quick. But fee that farther ae, Lg, XVI. 
ee Fi 5 
95 This . general Name to diſtinguiſh that Point of an 5 
-Orbit, in which a revolvin, * 55 is at the greateſt Body re * 
from the Body it revolves a With reſpect to a Bod * 
volying about the Sun, it is called the Apbelion; but with 
Ds to the Moon n as revolving about the Earth, Te 


5s ; 


FN 


"Su, 


) 


8 


* 


lion. The Diſtance of a Planet from its Apbe- 


ion is called its Anamaly; and this is of two 
Kinds, mean and true: The latter is its real 


Diſtance from its Aphe/on ; the former is that 


Diſtance at which it would be from it, ſup- 1 
poſing its Motion in its Orbit to be uniform; 
and the Difference between theſe two is called, | 


by Aſtronomers, the Equation of the Center, or 


Proſihaphæreſis of the Planet, 


-The-BUipſer which the Planets deſcribe-do-. 
_ themſelves turn round the Sun, though with a 


very flow Motion, their Apbelia reſpecting ſome- 
times one Part of the Heavens, and ſometimes 


another. In this. Age the Apbelun of the 
- Earth's Orbit points towards the former Part 
of the Sign Capricorn. This is the Reaſon 
that the Sun is farther from us in Summer than 
in Winter; for the Sun appearing in Cancer in 
the former Seaſon, the Earth is then in Capri- 


corn, and therefore in its Aphelion, that is, its 
greateſt Diſtance from the Sun. W199) 


The Sun being farther removed from us in 


Summer than in Winter, it may be aſked how 
it comes to paſs, that fince the Sun is the 


Fountain of Heat, as well as Light, our Win- 


ters are ſo much colder than our Summers? In 
Anſwer to this it is to be conſidered, that the 


is called the Apogeor, And the Ima Anf is the neareſt Point, 
which, with reſpect to a Body moving about the Sum is called 
the Peribelion, but, with reſpeQ to the Moon, the Perigeon.! . 
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oppo ite one B, the Ina Apis, or the Peribe- 
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166 0 1. Wann r IV. 
Rays ys. W Sun fall with much leſs Obliquity | 
upon the Surface of the Earth on out Side the 
_ Equator in the Summer, than in the Winter; 
| therefore they not only act more forcibly 
or it, but a greater Quantity of them fall 
14 a. given Place. Again, in the Winter 
the Bug being much lower in the Heavens 
|; hen at its Md Height, than in Summer, 
* its Rays paſs through a longer Portion of the 


9 
1 


Farth's . by Which great Part are 
ijnterbepted, and ſome by various Refractions 
and Reflections turned another Way (i). And 


laſtly, in Summer the Sun continues with us 
498555 Hours, and is abſent but eight; whereas 
in Winter it is with us but eight Hours, and is 

bſent fixtcen, All which Things conſpire to 
make a cogſiderable Alteration with reſpect o 
Heat and Cold. 1 0 


— x 
Fa, C 


 ———_— __—_— - 3 
8 yi : 


_ 


I this de ſo, why is not . Wan Kew 7 


ter when the Sun is in the Tropic of Can- 


rer, its Rays then falling with the leaſt Ob- 
liquity, and paſſing the ſhorteſt Way througn 


5 | the Atmoſphere, and 5 Mi. Days being then at 
- the longeſt, than it is, about a Month after- 


wards, when the Sun is in the Beginning of 
the next Sign? In. Anſwer to this it is to be re- 
membered, that Bodies are not always the hotteſt 


at that very Inſtant when the greateſt Degree 
[ * F 


leat is applied to ther er requup Time | 
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to heat as wal as'to cool; it is the Length of 
Time therefore that the Heat is applied to 


them, as well as the Degree of it, that deter- 
mines the Quantity of 2 communicated to- 


them: x - 
For the like Re we chal find- it 
warmer about One ot Two of the Clock in the 
Afternoon, than at Twelve, when the Sun is in 
its Meridian Altitude, and its Rays fall Weben 
and moſt foreibly upon the Earth, . _ ... -. 
Ihe Sun appearing by Means of the wo 

| Motion of the Earth (as was illuſtrated in the 
| Beginning of this Chapter) to move from Weſt 
to Eaſt in the Heavens, it happens, that if any 
Star riſes or ſets along with the Sun at any 
Time, that Star will after a few Days riſe or ſet 
* ooh becauſe the Suns apparent Place 
in the Heavens will be gemoved tothe Eaſtward 
of the Star. So that thoſe Stars which at one 
| Time of the Year {ct with the Sun, and there- 
fore never appear at all, ſhall at another Time 
of the Year riſe, when the Sun ſets, and ſhine 
all Night. And as any one Star ſhifts its Place 
with 3% 505 to the San, and in Conſequence of 
that with, relpect ta the Hour of the Night, fo 
all the reſt do; and from hence it is, that all 


thoſe Stars which at one Time of the Year ap- 


ar on any one Side of the Pole - Star in the 


ee ſhall Half a Year: after, at the ſame : 


Hour 8 on the TY Side thereof. 
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the Places of the Fixed Stars muſt appear remov- 
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CHAP. . — 


Of tho: Earth's. Anna W wh 
Nutation 7 the Poles, and the Pre- 
ceſſion of 1 the Equinoctial Points. 


INE the A. of the Earth 1s always 
arallel to itſelf, it might be ſuppoſed that 


2 Ht erent Parts of the Year it would be directed 
towards different Parts of the Heavens; and 
therefore, to à Spectator on the Surface of the 


Earth, who cannot be ſenſible of his Change 
of. Place, the apparent Places of the Fixed 


Stars would be different, when viewed from 


oppolite' Ron of the Earth's Orbit. Thus 
let 8 (Fig. 8.) repreſent the Place of the Sun, ' 


_AB the Orbit of the Earth; and when the Earth 
zs at A; let its Axis be directed towards the Point 
O in the Heavens; then when the Earth is ar- 
rived at B, the oppoſite Point of its Orbit, its 
Axis being parallel to its former Poſition, will be | 
directed to a different Point in the Heavens, vig. 


to D, as far diſtant from the former as the 


+ Point A is from B, that is, a Space equal to the 
Diameter of the Earth s Orbit: And therefore | 


to à Spectator on the Surface of the Earth, 


* 


ed as far as from C to D, viz. by the Quantity 


of the Angle CBD; or, becauſe the Lines 


AC and BD are parallel, by the Angle BCA, 


| which is that under Which the Orbit N 


Earth 


1 4 * 4 1 
bu by 
„ . F 4 * * * # 
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Earth would appear from a Fixed Star at C. 
This Angle is by Aſtronomers, called the Pa- 
Tuallax of the Orbis magnus, ot the Earth's annu- 
| l Parallax. V 
No if this Angle was of any ſenſible mag - 
nitude, and could be accurately taken, the Diſt- 
a nce of a Fixed Star at C, with reſpect to that 
of the Sun at 8, might be found by the Rules 
of 7. Enya (at: ut by Reaſon of the great 
Diſtance of the Fixed Stars, that Angle is 5 ex- 
ceeding ſmall that it cannot be meaſured even 
with the beſt Inſtruments that have hitherto 
been conſtructed. It has indeed appeared to ſume 
to contain about 47 Seconds of a Minute, aer 
cording to which the Diſtance of the Stars muſt 
be Five Hundred Thouſand Millions of Miles 
from us; but to others, particularly to Flam- 
feed, who took great Pains to obſerve it aceu- 
rately, it appeared to contain but 42 Seconds, 
according to which the Diſtance of the Stars 
muſt be much greater. Dr. Bradley aſſures us 
that it does not amount to Half a Second; and 
if ſo the neareſt Fixed Star muſt be almoſt at an 
infinite Diſtance from us. e 
Although we hitherto have looked upon the 
Aris of the Earth as being always parallel to 


4a) For the Angle DBC being taken by Obſerration,, its 
Equal ACB: is had; and the Angle BAC, or SAC, ſubtends an 
Arch of the Heavens that meaſures the Diſtance between the 
Place of the Sun and the ſaid Point, and may therefore eaſily 
be obtained: And conſequently, by the Rules of 77 onometry, 
the Proportion which the Line AC, or the Diſtance of the Star 
from the Earth, bears to_ the Line AB, which is. double the 
Sun's Diſtance, may be found. F< | | 


itſelf, 


= 
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— Ba 
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_ yet it is not (o, but 1 1s ſobhect to a 


twofold Motion; to the one is owing the Nu- 
tation of the Poles, to the other the Preceſ- 
ion of the Equinoctial Points, which are now 
doo be explained. The firſt i is a Deviation of the 
Harth $. FEY from its Paralleliſm with. itſelf 


twice in the Year, and a Returning to it as oft. 
For Inſtance, the Inclination of its Axit to the 
Plane of the Eclipric increaſes while the Earth 
is moving from the Solſtitial to the EquinoRtial, 


and diminithes as much in its Paſſage from 
the Eq uinoctial 1 to the Solſtitial Points. So that 
the 0 of the Axis of the Earth to the 
5 Ecliptic . is, notwithſtanding this, at oppoſite 
Points of its Orbit always the Fe > This 


Nutation therefore does not in the leaſt. inter- 
fere with what was, faid with regard to the 
Earth's annual Parallax, f in which though we 
ſuppoſed that Axis always parallel to itſelf, yet 
We conſider d it only in oppoſite Points of its 


Orbit. This is called the Nutation of the 
Poles (3). The other indeed claſhes a little 
with our former Suppoſition; but taking a 
fugle Revolution of the Earth by itſelf, as 
We have hitherto done, it is ſo ſmall as to be 
- | quite inſenſible, though not ſo when we take 
many Revolutions together. Accordingly, by 
comparing ſeveral Years together, Aſtronomers 
have obſerved that the Axzs of the Earth de- 


(3) As the Inclination of the Aris of the Earth is thus twice 
"augmented and twice diminiſhed, while the revolyes 
about the Sun, in like Manner it is twice augmented and twice 
diminiſhed i in each n of _ Moon about that. 


* 


viates 


\ 


4 


Gap L. H. 1 
viates a little from the Direction it formerly had; 
notw¾ithſtanding which Deviation, its Inclina- 
tion to the Ecliptic remains nearly the fame.” To 
| illuſtrate the Manner in which this Alteration 
in its Direction is made, let 8 (Fig: 9.) repre- 
ſent the Sun, the Cirele XEV the Earth, a3 
| the Plane of the Eciiptic, EL the Axis of 
it, which we will now ſuppoſe to paſs through 
the Center of the Earth, and let PQ denote . 
| the Axis of the Earth. On the Surface of 
the Earth, and round the Points E and L, 
let us conceive the two ſmall Circles PT X, 
\ and'QVY to be deſcribed. Then if at any 
Time the Poſition of the "Earth's Axis is in 
the Line PQ. as we have ſuppoſed, after ſe- 
veral Revolutions of the Earth about the Sun, 
it ſhall be found in the Situation CD; and af- 
| Tor ſeveral more Revolutions it ſhall be re- 
moved into the Situation TV, Sc. the one 
Pole of the Earth deſcribing the Circle PC TX, 
aud the other QDVY : 80 that notwithſtand- 
ing this Change in the Direction of the Aris 
| of the Earth; its Inclination to the Plane of 
| the Ecliptic remains the ſame, the Poles of 
the Earth being every where at the fame Diſ- 
| tance. from E and L, the Poles of the Echp- . 
| | fie, But this Motion of the Poles is ſo very 
low, that They do not perform their Revo- 
| lution in leſs than 25,920 Years, which is at 
the Rate of one Degree in 72 Years. It . © 
is performed in a Direction contrary to _ DS 
2 : | . 0 


Fe + pO 


172 Of the Preceſſion of Part IV; 
of the Order of the Signs, or from Eaſt to 
Meſt. Which is termed by Aſtronomers a 


moving in Antecedentia; whereas when a Body 


moves according to the Order of the Signs, its | 


Motion is {aid to be in Conſeguentia. 


From hence it follows, that the Solftitial 
10 Colure, which paſſes both through the Poles of 


the Ecliptic and of the Earth, muſt neceſſa - 


rily turn round the Axis of the Ecliptic in 


the ſame Direction, or contrary to the Order 5 
of the Signs; and with that the Equinoctial 


Colure alſo, becauſe theſe croſs one another 
at Right Angles in the Poles of the Earth. 
Whatever Star therefore the Equinoctial Points 


are directed towards at any particular Time, 


after 72 Years. they will not be directed to 
the ſame, but to ome other Star or Point of 


the Heavens, ſituated one Degree towards the 


| Welt, This Motion of the Equinoctial Points 
"= called their Preceſſin. And from hence 
the Stars ſeem to move towards the Eaſt, and 
thereby to have their Longitude (which is al- 
ways. reckoned upon the Ecliptic from the 


vernal Equinoctial Point) increaſed. The Con- 


ſtellations therefore ſeem all to have deſerted 
the Places allotted to them by the firſt Aſtrono- 


mers. For Inſtance, the Beginning of the Sign 


Aries, which was near the vernat Equinoc- 


tial Point, and gave Name to that Point of 


the Ecliptic, is now advanced about a Whole 
"as eren: So that n is now where 


3 Taurus 


Stars reinſtated in their proper 


Chap. V. he EquinoBlial Points. 19 = = 
Taurus uſed to be; Taurus where Gemini, &c. 


But, to avoid Canfolen'/ Aſtronomers have 


thought fit to let the ſeveral Portions of the - 
Ecliptic, where theſe Conſtellations were at 


firſt obſerved to be, retain their old Names (c); 


_ that the vernal Equinoctial Point is __ | 
A e the firſt Degree of 1 (0. 


Ot "Thoſe Portions of the Eeliptic, 4 the. Conſtellations 


were at firſt, are called 4zafra ; thoſe where they now are, are 
_ diltinguilſhed by the Title of Stellata. l 
(.) The ancient Aſtronomers obſerving this Motion of the 
Fixed Stars, and not knowing how to account for it, concluded 
that they really had ſuch a Motion, and called the Time of an 


entire Revolution of them, Annus Magnus, or the great Year; 
and imagined that when that great ear. was ended, and the 
CES, 


to be done over again in the World, not only in the ſame Order 
and Manner, but by the ſame Perſons they were done before; 


The Cauſes of this Preceſſion, as alſo of the Nutations above | 
mentioned, will be accounted for when we treat of the Cauſes 


of 'the Motions of the oma 1th ae os 
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the inferior... Por, "Metcury und. 
Venus. "EN Fa | 


. 


included within that of the Earth, it is 
— neither of them can come to an Oppo- 
ſition to the Sun; that is, they cannot 1 

in the oppoſite Part of the Heavens with e 
do it, but muſt always accompany it in its ap- 
parent Motion through the Ecliptic, juſt as 


accompany them. But whereas they perform 
their reſpective Revolutions about e Sun 
in Periods different from that of the Earth, it 
is obvious they muſt be ſometimes on one Side 
of the Sun, and ſometimes on the other, with 


5 and us, and ſometimes directly beyond it. 
When they are between the Sun and us, they 


when beyond it, in their ſuperior Conjunction; 


to be in their Ou = os 


'c 1 A P. VI. t- it "mt n_ NJ 


07 oh Phan ubieh ariſe ne 5 
- the Motion of tbe Earth, and of 


YI N CE the Orbits of Aren nd n, are 


Satellites of the primary Planets do in Rei 


reſpect to us; ſometimes be between the 8un 


are ſaid to be in their inferior Conjunttion ;. 


and when they appear to be — the fartheſt 
from the Sun, on either Side, they are es ſaid 
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To Muſtrate this, jet 8 (Fig. 10. ES i 


the Sun, ABCD the. Orbit bf one of the 
inferior Planets, ſuppoſe Venus; E the Place of 
the Earth in its Orbit FG; and HT a Portion 
of the Heavens. Then will A be the Place of 
its inferior, C that of its ſuperior Conjunct ion; 


in both which Caſes it will appear in the Hea- 


vens to be at K, which is the apparent Place 


of the Sun. When it is at B or D, Where a 


Line joining its Center and that of the Earth 
touches its Orbit, it then appears at I or H, and 
is ſaid to be in its greateſt Elongation, which is 
about 48 Degrees (a). But this is liable to ſome - 
Alteration; becauſe as its Orbit is an Ellipſe, 


it is ſometimes nearer the Sun, and ſometimes 


farther from it, in its greateſt Elongation. 

From hence we 'ſce the Reaſon why the 
Planet Venus is ſometimes ſaid to be our 
Morning Star, and ſometimes our Evening Star: 
For after 1 it has paſſed its inferior Conjunttion 
with the Sun, and is aſeending towards its 
Superior one, it is all that Time on the Weſtern | 
Ip of * . and therefore * _ 


() Hence the Diſtance of Fenn: from the Sun, "with wes 
to that of the Earth from the ſame, is found: For if in the © 
Triangle E BS, we take the Angle at E, when, that at B ig a 


tight one, the Proportion between the oppoſite Sides is had bom, 


the known Rules of 7+: 1 The Reaſon why the An 


at Bis not always a righe one, is, becauſe the * an 
A 1s not a ircle, | but an Ellig/ 2 , 
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every Morning before it, and is then dur Morn-” 
= g Star. On. the other Hand, while it de- 


ſcends from its ſuperior to its inferior Con- 


Junction, it is to the Eaſtavard of the Sun, and 
therefore riſes and ſets after it; and appears to 


us only in the Evening, after the Sun is down. 


Farther, altho the Motion of the inferior 


— in their Orbits is direct, or according 
to the Order of the Signs, yet they frequently - 
appear to be retrograde, or to move the con- 
trary Way; and ſometimes to. ſtand ſtill. 
When they are near their igferior — 
with the Sun, they ſeem to move one Way; and 


when near their ſuperior Conjunction, they ap- 


pear to go another. And at the Time when 
their direct or Progreſſive Motion is changing 
into a regreſſive one, or the contrary, they 
ſeem to ſtand ſtill. All which may be . 
luſtrated in the following Manner. 

Let ABCD (Fig. 10.) repreſent the Orbit 
of the Planet Venus, S the Place of the Sun, 
E the Earth, FG a Portion of its Orbit, and 


Hl the Sphere of the Fixed Stats, as before ; 


and becauſe Venus moves faſter than the Earth, 

let us ſuppoſe the latter to ſtand ſtill, and the 
former to move with the Difference of their 
Velocities: Then while Venus deſcribes that 
Portion of its Orbit that is repreſented by DAB, 

it will ſeem from tlie Earth to move from 
H 80 I in the Heavens, which is contrary to 
its real A age — to the Order of the Signs; 


and 


— 
if 


E nn "Fr 'Y 


and in moving over the remaining Part of 
tits Orbit, it Will ſeem td paib 1 to 


And waß the Earth really to ſtand ſtill, as we 
| have ſuppoſed; ir would be ſtationary, or ſeen 


to have no Motion either . at the Points 
B and D. 


But as the Earth 4000 5 tus dull but 


cg Ames to move on in its Orbit, Venur will 


' - not ſeem ſtationary exactly at the Points BAnπj,j e 


D; but during its Motion through à certain 


Part of its Orbit, as LM, where, ſuppoſing. | 


the Lines EL and OM parallel, thei? 


Orbits are ſo inclined! to each other, that. 


_ the Space LM ſhall be to the Space E O. a8 
the Velocity with Which Venus moves is to 
that with which the Parth moves; for it is 
evident, that in that Caſe the Earth will paſs 
through EO, while Yenus paſſes through 


ſame Part of the Heavens, 


Notice of with regard to the apparent Motion 


of the Inferior Planets, VIZ, that th "= 


not ſeem” to deſeribe the Eci 
ves as the Sun does, but 


ric in the 


Reaſon of this is, that their Orbits are in- 
clined to the Plane of the Earth's one 

Half above it, and the other below i it, on which 

9 Vo *. We | M Account 


LM: 
and therefore it will appear all the Time in tlie 

| becauſe the Diſtance 

between thoſe parallel Lines is nothing, when [240 

3 compared to that of the Heavens. 

There is alſo another Particular to be taken | 


obſerved to = | 
ſometimes above and fometimes below it. The 


2 
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3 they interſect the Plane of the Eclp- 
ic in a Line that paſſes through the Center 
. _ of. the Sun (the Center of the Sun, as was 
© obſerved above, being in the Plane of each 


Orbit.) This Line is called the Line of the 


| Nodes; and the two Points of the Ecliptic, 
through which it paſſes when produced to the 


Heavens, are called the Nodes. Theſe Pla- 
nets therefore never appear in the Ecliptic ex- 


2 when. they are in their Nodes, and in all 
er Parts of their Orbits ſeem to be more 


dot leſs diſtant from it, according as they are 
ſtituated with reſpect to them and the Earth. 
But if we ſuppoſe them to be ſeen from the 


Sun, their greateſt Diſtance from the Elli 8 7 


Will be when they. are fartheſt temoved 
their Nodes. 


Their Diſtances From the Echptic, 28 ift 
.would- appear if ſeen from the Center of the 


Earth, is called their Geocentric Latitude; as 


it wonld appear from the Center of the Sun, is 


called the Heliocentric Latitude. | 
here is a remarkable Phanomenon relating 
do the inferior Planets, which was not known 


to Aſtronomets, till diſcovered by the Tele- 


0 ſeope; and that is, that in their different Situ- 


ations with reſpect to the Earth, they aſſume 


: . different. P baſes, or Appearances, like thoſe of 
te Moon; which may be . in the 
| eee e 


I at nd fa ER 
7 


x Chap. VI. 2 Venus's Marion. 


Situation of one of the in 


ſuppoſe) in ſeveral Parts of its Orbit, and let 
8 be the Place of the Sun, and I that of the 


79 
Let A, B. C, D, (. Pig. 11.) eee 


Earth in its Orbit KL: And if from the 


Center of the Sun to that of Venus in its 
ſeveral Stations we draw the Lines SA, SB, © 


Ac. reſpectively; and at Right Angles to 


theſe the Lines MN, MN, &c. theſe laſt 
Lines will repreſent Circles upon the Surface 
of the Planet, ſeparating the enlightened from 


the obſcure Hemiſphere. And if from the 

Earth to the Planet we conceive the Lines 
IA, IB, &c. to be drawn, and at Right An- 

gles to theſe the Lines OP, OP, Ge. 12 A 

ſpectively, theſe latter will repreſent Circles ſe- 

Parating that Part of the Planet which is turned 

| towards us from that which is not... Theſe we 


may call Circles of Ven. Now it is. ei- 


dent, that when Venus is in its inferior Con- 
1 junction at A, the Circles MN and OP coin - 
eide, and no Part of the Planet beſides its un- 


illuminated Hemiſphere i is turned towards us; 


in which Caſe it is inviſible, unleſs it happens 
at that Time to. be in or near the Plane of 
the Eclipric, which if it be, it a ppears as a 
pot upon the Surface of the Sun, When it 
has advanced in its Orbit as far as B, there 
is a ſmall Part of the illuminated Hemiſphere 
included between the Lines QB and BM, on 
that Side the Circle of Viſion which is nent 
1 i M's. \ 


erior-Plancts (Venus 8 
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te Earth; in which Caſe, fince by 8 
its great Diſtance from m us we cannot diſtin- 
guih the Convecicy'ef ite Surface, it ap 
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28 a flat round Surface, a ſmall Portion of 
which is illuminated, the reſt being dark ; and 


9 * 


O appears Berne, like the New Moon (4). 
When it has; arrived at C, then is Half is 
illuminated Hemiſphere turned towärds us, 


and it appears as a round Surface, Half of which 
4s enlightened, and Half not. When it has 


got to D, then is the greateſt Part of its illu- 
minated Hemiſphere turned towards us, and 
it appears as a round plain Surface almoſt 
Wholly enlightened, or what the Aſtronomers 


call g:bbous. When it is in it re Co | 
Junckion at E, the Circles MN and OP coin | 


Regen gs ESTA LS. SA L448. 6 S © £3 v0.33 3,6 DF 
- . (5) The Reaſon why Venus or any other Planet (the Mo 
- uppoſe) pears —_ when a ſmall Portion only of its illu- 
minated Hemiſphere is turned towards the Eye of the SpeRator 


will perhaps in ſome Meafate 5 from a e 
7 


the 12th Figure, In which let ABCD repreſent the Planet 
#45, or any other Body of a globular Form; which that it might 
. oma = I _— a — ſome' of _ Circles 2 are 
u ound on Globes deſigned to repreſent the Earth. Now | 
if half this Globe be illuminated, * half be in the Dark, 
"and if only fo much of the illuminated Part as is included 
within the Space ABCE be turned towards the Eye, the remain- - 
. ing Part AECD being obſcure, it is plain, that the illuminated 
Part ABCE, when the whole Surface ABCD, by Reaſon of the 
great Diſtance of the Globe; appears fat; muſt ſeem to be horned. 


And again, if the, Spate-ABCE was a Portion of the dark He- 


miſphęre, and AECD of the illuminated; tis certain that when 
boch are conſidered as making ùp one flat Surface, the illumi- 


nated Part muſt appear e er the Side A EC. 


which is contiguous to the unilluminated 


9 


emiſphere ABCE. © 
. 
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_ cide again, 
ſphere is turned towards the Vary, in which 
Situation the Planet, if not intercepted by the 


Body of the Fun, appears like the Moon at 0 


the Full. After which it puts on the ſame 
Appearances IN, but in an in verted Order, 
wWw it arriyes at dene wee 
6 face. WW ed. fog | 

Wa with regard 


| to Venus, is to be un erſtogd in Reference to | 
_ the like Pbænomena of II ; only with 


a 2 Chap, YL ; from Mercy iry's Magn, 181 
„ and the whole enlig ghtetied Hemi- | 


as be- 


— this Difference, that the Orbit 0 A Wat 


g. leſs than chat of Venus, its greateſt Elen 
| FE is not {6 great as that of Venus, not x. 
abput- 3 Degrees, Upon which Ac- 


count” 8 Plater i is Tately to be ſeen with the 
22 ' And as Mercury revolves round the 
h in leſs Tide t 
rs Stations, a aidations, as alſo itz 
Conjunctions Wich Ne un, Nr one ano- 


her 3 than 1 thoſe e of n 8 
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WE we le rnomena . ard 13 
io the Motion of the Earth, and that © 
2 the ſuperior Planets, "1 "Mars, J ho 
Filer, and ou ee deere 
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, FT. A E ſuperior Planets A 85 whe as | 
1 do accompany the Sun, as we have 
1 „ in the foregoing Chapter the in- 
- ferior ones do; but are e in Con nt | 
tion with it, ſometimes in ſition; and 
ate liable, as was obſerved 0 of the Pla- - 
net. Mary, to be ſeen at any 2 791 from it. 
To illuſtrate this, let 8 8 (Fig: 13.) repreſent 
the Place of the Sun, A the Orbit of the 
Earth; N RM that of one of the ſuperior Pla- 
nets (ſuppo ſe Mart) and let OP be a Portion 
of the E, Now ſince theſe Planets per- 
form their Revolutions about the Sun in dif- 
ferent Times from that wherein, the Earth 
0 goes round its Orbit, it is poſlible, that when 
EY N dhe Earth is at E, Mars may be at M, or it may 
de at N; in the former Situation, it is in Con- 
junction with the Sun, in the latter it is in 
n Or it may: beat R, or at T, or 
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in any Situation with reſpect to the 8un and the 
Eart whatever. ae, WIE I OB 
The ſuperior Planets have this in common 
with the inferior ones, viz. that according as 
the Earth is ſituated with reſpect to them, the 7 
ſomotimes ſeem to move forwards according to 
the Order of the Signs, ſometimes contrary tod 
that Order; and between the Times of their 
being thus direct and retrograde, they ſeem to 
. ſtand ſtill, as ſhall be made evident by the fol- 
Icwing illustration 
Things remaining as before in the thirt-⸗ 
teenth Figure, ſince the Motion of the Earth” 
is quicker than that of Mars, let it be ſup- 
ſed that Mars ſtands till at N, and that the 
Earth is moving with the difference of their 
Motions from Fo C: It is obvious, that in 
this Caſe Mars will ſeem to paſs from 0 
to P, which is contrary to the Order of the 
Signs; but while the Earth is paſſing over 
the other Part of its Orbit, vis. CAB, the 
Planet Mars would : ſeem to move back - 
again from P to. O, even though it had no 
Motion of its own. Since then it is moving 
that Way all the Time, it neceſſarily ſeems ta 
move according to the Order of the Signs; 
tho with this Difference, that it ſeems to move 
faſter than it would do were it not for the Mo- 
tion of the Earth in the mean Time, Ana- 
logous to what was obſerved of the inferior 
Planets (fince Mars does not ſtand ſtill, as wg . 
OS BRED. © hays 
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= Phenomena owing 1% Part IV. | 
have fed) t will not appear to be Siaions 
ary e Earth is at B and C, but during 
| the Motion of the Earth through A Certain 
Part of its Orbit, as LH, which ſuppoſing 
the Lines LN and HI parallel, is to the Por- 
tion of Mars's Orbit NI (through which that 
Planet is moving at the ſame Time) as the Ce- 
lerity with which the Earth moves is to that of 
Planets, that they do not always appear in the 
HBelistie, holds alſo with regard to the ſupe- 
rior nes. For their Orbits are alſo inclined 
to that of the Earth, one Side of them being 
above, and the other below it; ſo that thoſe 
have alſo: their Heliacentric and Geocentric La- 
titudes as well as the other, and are never to be 
ſeen inthe Eclipiic, but when they are in their 
What has been illuſtrated with regard to 
Aar, is applicable to the other to ſuperior 
Planets, only with this Difference, that the 
Motion of Saturn is more frequently changed 
from progreſſive to regreſſive, than that of Ju- 
piter; as alſo its Oppoſitions and Conjunc- 
tions with the Sun are more frequent. The 
Reaſon; of this is, becauſe as Saturn moves 
much ſlower than Jupiter, the former is more 


\ frequently overtaken and paſs'd/by by the Earth 
||| than the latter. And as theſe Phenomena: hap- 
err in genen den in Fupier, o-ahey 
7 „ : hy N N be” i . 5 nd do 
. 8 1 
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do more frequently in Tapirer than in Mars for | 
the fame Reaſon 
So ſmall is the Diſtance of the Earth, th. 
reſpect to that of Jupiter and Saturn, from _ 

the Sun, that in whatever Part of their Orbits 

they be ſituated with reſpect to the Earth, 

1 Side of them, as to Senſe, which is turn- 
ed towards the. Sun, is always towards the 
Earth; on which Account they always appear 
to us as ſhining with a full, Orb. But it is not 
ſo with reſpect to Mars; for ſince that Planet 
is not ſo much farther removed from the Sun 
than the Earth is, it is obyious that that Side of 
it which is turned towards the Sun will not al- 
ways be towards the Earth. For Inſtance; 

though when. Mars is at N, and the Earth at 

A or E, its illuminated Hemiſphere 18 directly 
We towards the Earth, yet it is turned away, from 

it conſiderably when the Earth is at B or, C; 
at which Time therefore it appears to want 
ſomething of its uſual Rotundity, or to be gib- 
Bous like the Moon, a little before or ſoon after 

| the . | 
As the inferior Planets Mercury and venus | 
have their reſpective Elongations from the Sun _ 
When ſeen from the Earth; ſo the Earth, if 
ve imagine it to be viewed from the ſuperior 
Planets, hath alſo its Elongation from the 
Sun. Bat this being a Phænomenon, which 
has not happened to our Aſtronomers to ſee, 
they pion it'a 2211 . ond call it won 
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1 186 Phænomena owing to Part IV. 
at the preateſt, from a Phænomenon in the ſu- 
.perior Planets depending upon it, h Parallax 
of the Semidiameter of the Earth's annual Orbit 
in thoſe Planets; By which is meant, the Dif- 
ference between the Place in the Heavens the 
Planet would appear in if ſeen from the Cen- 
ter of the Sun, and that in which it would ap- 
pear if ſeen from the Center of the Earth, 
*_ hen at its greateſt Elongation from the Sun 
Vith regard to that Planet. To explain this, 
let N be the Place of the Planet, and B that 
= of the Earth in its greateſt Elongation from the 
= Sun, as ſeen from that Planet. Then will the 
=  zpparent Place of the Planet, as feen from the 
. * Sun, (that is, its true or Heliocentric Place) be 
but its Geocentric or apparent Place as ſeen 
from the Earth, will be O, Now becauſe the 
Arch Q ſubtends an Angle (viz. ONO) 
at the Planet which is equal to SNB, vx. 
that which SB, the Semidiameter of the Earth's | 
annual Orbit, ſubtends, the above-mentioned I'S 
Difference in the apparent Situation of the Pla- 
net is called the Parallax of the Semidiameter of 
the Earth's annual Orbit in that Planet (a). 


(a) Hence, as was obſerved of the inferior Planets, the Diſ- 
tances of the ſuperior ones from the San, with reſpect to that 
of the Earth from thence, may be found. For in the Tri- 

ö angle SB N, all the Angles being known, the Relation between 
tze two Sides BS and 8 is had by the known Rules of Trięa- : 
zemetry. The Angle SNB is had from immediate Obſervation, 
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This Angle in Mars is but 42 Degrees, in 


2 piter not above 11: In Saturn it is but the 
0 


be any) do not know that there is ſuch a my 
in the Univerſe as our Earth. a 


urth Part of the greateſt Elongation of Mer- 
cury ſeen from the Earth, viz. about fix De- 


Probability the Aſtronomers in Saturn (if there 


as being ſubtended bye an Arck' in the Haga the 


parent lace of the Planet and that of the Sun. The pee. 


at N is equal to the Difference between the real and apparent 
Place in the Planet; the firſt of which is found by Computation, 
the latter by Qbſervation. In Jupiter, the beſt Way of findin 
that A or age is from his Satellites, go Method of Pe. whic 


; thoſe Planes 
3 e : my 2 yo — 
; 
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5 the Phenomena of he Moon. 
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T Aving now nithed what len; to the 
Phenomena of the „ Planets, 


we "gi to conſider thoſe which are o- 


ing to the Motion of the Secondary ones ; and 


firſt of the Moon, which' 1 is the conſtant and 
only Attendant of the Earth, and is always 
fo near it; that if the Earth and the Moon 
were viewed together from the Sun, the 
. | Moon 


ces. So that ſince Mercury by Reaſon of its 
earneſs to the Sun 1s rarely ſeen by us, in all 


1 ewn when we fo I the Phenomena * a 


n — — 


U 
* — "rm, | 
- — 4 


— 


* . . 


8 Moon, at ſuch Time as it would appear the. far» 

iet from the Earth, would not ſeem to be at a 
gteatet Diſtance from it than what is equal to 

n of the Bags 
r èͤ ] VUUüuwæ SD - 
vDeince the Moon is an opake ſpherical Body, 
and reyolves about us in ſuch Manner as 5 


pals between the Sun and the Earth, it's 
abſolutely neceſſary it ſhould put on differ- 
* ent Appearances,” according t6 its yarions 

- Poſitions, with  reſpe& to 'the Sun, and the 

1 Earth; its illuminated Hemiſphere being con- 


mandy turned towards the Sun he Founy 


5 


rain of Light, and for that Reaſon ſometimes 
a greater and ſometimes a Jeſs Portion of it 
turned towards us. To ſhew this, little need. 
be faid, after fo full an Explication of the 
k Several Phaſes of Venus, as was -deliyered-4 
EO... 1 
When the Moon is between the Earth and 
the Sun, that is, in Conjunction with the Sun 
its hole illuminated Hemiſphere is 4 
from us, in which Station it is faid fo be 
New, afterwards when by its Motion-in its 
Orbit . .cmerges out of the Sun's R 9, 


ieren - 46 YL xs TH Got: Li 
mall Portion of that Hemiſphere which 5 
22 . eil . 1 ee 
| turned towards. the Sun is alſo türned toward 
=. the Earth, and then (as was obſerved of E 1 0 

we Mogn, by Realon, of iin great Diſtance - 


pom us, appearing as a flat Surface, PIPE 


g * 4 «A « 
1 = 2 * — 
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0 of that Surface appears brighter than tlie reſt 


of it, and {c 0 the Moon i in this Situation 8 
pears nel; and becauſe it moves from, Eaſt + 


to We 5 As was obſerved above, i it-at this Tine 
appears. to the Eaſtward of the Sun; upon 
Which Account it ſeems. to follow. ihe Sun in 


its daily Courſe, riſing and ſetting after it. 


When the Moon is got to a 2yartile Aſhe, 
as Aſtronomers call it, lean is, to 17 "Diſtance 
of a Quarter of a Circle in the Heavens froi 


the Place of the Sun) then i 1s Half of its il- 5 


laminated Hemiſphere turned towards us, ar 
half from us, in which Caſe it appears to us 

a plain round Surface half iluminated, and 
half not. When it has advanced à little far- 
ther in its Orbit, and got farther from the Sun, 
more of its illuminated Hemiſphere becomes 
viſible: to the Inhabitants of the! arth, whence 


it appears like a plain round Tur, ſome- 
8 


What defective o Light on that Side which 
is. from. the Sun, and is ſaid to be gibbous. 
When it comes to an Oppoſition with reſpect 
to the Sun, it then turns the ſame Side di- 
rectly towards the Earth, that is towards the Sun, 


at which Time it appears to us wholly-enlight- 


eneds, and is therefore called the Full 579 
And as it performs the other Part of its Re- 

| volution, it aſſumes firſt a. gibbout, then an 
.  hbabveds afterwards an horned-Face ; and when. 
=_ arrives. at its Conjundtion with the Sun, it 


diſap pears 
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= bes = JOY for a while, the obſcure Part anly — 


. towards us, as before. h 
When the Moon is horned, the darker Hes 


: gase or that which is turned from the 


un, has a faint Light diffuſed over it, ſuffi⸗ 


cient to render it viſible. This Light is owing 


to a Reflection of the Sun's Rays from the 
rface of the Earth to that Part of the Moon. 


For as the Moon when at the Full, by Means 
pf its enlightened Hemiſphere, which 3 is then 
turned towards the dark Side of the Earth, 
| ſhines upon it, and affords a certain Degree 


of Light; ſo the Earth, when the Moon is Þ 
at the New, has its enlightened Hemiſphere 


(or that Side where it is Day) turned to- 
Wards the obſcure Hemiſphere of the Moon, 
and enlightens that, but in a much greater 
Degree than the Ann ted Hemiſp ere of 


the Earth (or that Side where it is Ni ght 
is enlightened by the full Moon; the Earth 


being conſiderably larger than the Moon. 


that as that Body is a Moon to us, our Farth 
is much larger and more Jptmanous one to 


that, ' 12 9 


The Time in which 8 Moon: performs | 


one entire Revolution about the Barth from EN 
any Point of the Zodiac to the ſame again, is 
called a Periodical Month. This Month con- 


fiſts of 27 Days, 7 Hours, and 43 Minutes. 


But the Snodical Month; which 1s the Time 


5 Bip" en 1 145 in paſſing from one Con · f 
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Chap. VIII. of the Moon. 91 | 
junction with the Sun to another, is larget 793 
than this by about two Days and 5 Hours. — 
The Reaſon of this is, that while the Moon IJ 
is paſſing from one Conjunction to another, 
the Sun, by Means of the Earth's Motion in „ 
its Orbit, is in Appearance advanced towards _— 
the Eaſt; ſo that when the Moon comes/round . © ' |} 
to that Part of the Heavens where the Sun 
was at the foregoing Conjunction, it is not | 
then in Conjunction with it again, but has 4 
ſuch a Portion'of the Heayens to deſcribe, as 
takes up ſo much more Time, as, being added 
to the Perwatcal Month, makes it up 29 Days, 
12 Hours, 44 Minutes, and 3 Seconds; which I 
nz che Synodical. But perhaps, the 14th Figure i 
may make this clearer: In which let $ re- | 
. preſent the Sun, E the Earth moving in its 
Orbit A B, from A towards B; and let MN OW 
| denote the Orbit of the Moon, and M _ :  £-_ 
Place therein, when in Conjunction with the * 
Sun. Now while the Moon deſcribes its Or- 
bit MN O, let it be ſuppoſed that the Earth 
advances in its Orbit from E, to e, in whith- _ 
Caſe the Moon's Orbit will be found at wno,, IX 
and the Point M will be at in the Line 
ed, if we ſuppoſe it parallel to ES. And there» A 
fore when the Moon comes to m, it will = 
have performed an entire Revolution about ite 
Orbit; but will not be in Conjunction with = 
the Sun, but has ſti}! the Arch mp tg deſcribe | ; 


beforg 
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„ the Heavens in | 
which the Sun will then appear to be. 

The Plane of the Moon's Orbit is not coin= 
die with that of the Earth, but makes with 
it an Angle of about 5 Degrees, cutting it in 
two Points oppoſite to each other, after the 
ſame Manner as the Equator and the Ecli 
tic were obſerved to cut each other; ſo that 
sen does not ſeem to deſeribe the Bciptie 
3 moving round its Orbit, but one Half of 
| _ the Way it declines towards the North, the 
other Half towards the S9uth.' The two Points 
where the Moon's Orbit paſſes through the 
Plane of the Ecliptic, are called the Nodes 3 
and a right Line drawn from one of theſe 
Points to the other, will paſs through the Cen- 
= tet of the Earth, (that being in Is Plane of 
1 the Moon's Orbit, as well as in that of its own) 
and is called the Line of the” Nodes. That 
Node through which the Moon paſſes from 
the South Side of the Ecliptic to the Northern, 
is called the Aſcending Node; the other thro! 
which it paſſes, from: the North to the South 
Side, is called the Deſcending Node (a). 

The paar of the Line of Nodes are 
not always directed towards the ſame Points 
of the Ecliptic, but continually {ſhift their , 
Places from Eaft to Weſt,” or contrary to the 


— — 


0 88 oy expreſs the former of theſe Nodes by | 
this Mark S, which they call the -" ach 7 Head 3 the latter by 
' "x; ED 1 bes the 9 Tail. 


Order | 
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Chap. VIII. - of tbe Moon. 193 
Order of theſe Signs; performing an entire Re- 
volution about the Earth in che Space of ſome 3 


thing leſs than 19 Vears. 

As was obſerved of the primary Planets, the 
Moon alſo moves not in a Circle, but in an 
Ellipſe, one of whoſe Foci is in the Center of 
the Earth And the Linea Apſidum of it is 

not carried along with the Earth in a Direction 
parallel to itſelf, but continually turns round 
the Center of ihe. Earth through which it 
_ paſſes from Weſt to Eaſt, or according to the 

Order of the Signs, in the Space of about 9 
Years, - 
The Moon being fubje& to the Influence of 
| the Sun ag well as the Earth, it is not only 
liable to various Irregularities in its Motion, 
but its Orbit is wont to put on different Forms 
and Motions, all which depend on its Situation 


with reſpect to thoſe two e. They are 


theſe that follow. 
I. The nearer the Moon: is to its RAG 
(that i is, its Conjunction or Oppoſition with the 
. Sun) the greater is its Velocity; and the nearer 
it is to the \Qyadratures (that is, the ficſt and 
laſt Quarter) the ſlower it moves (5). 
II. It does not deſcribe Areas proportional 


to the Times, except in as n and 
ee Po 


650 This I rregularity was obſerved by Tycho Brabe who ve, 
, the . of Nee 8 an N 1 i gon 
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im es Orbit is ſomewhat more curved id 

the Quadratures than-it would be if the Moon 
were only influenced by the Earth; and leſs 


curved in the Syzy ygies, the Moon running off 


farther from the Earth in the Quadraturey than | 
1 in the Syzygies. 


IV. When the Earth 1 is in its Perihelion, 


Achat is, in that Part of its Orbit which is 


neareſt the Sun) the Periodical Time of the 
Moon is greater than when it is in its Aphelion, 


or fartheſt from the Sun: So that the Lunat 5 


Months of one Part of che Vear exceed choſe 
of another. : 
V. The Linea Apfidum af the Moon's Or- | 
bit goes forwards when the Moon is in the Sy- 
 zygres, and backwards when in the Quadra- 
tures ; but it goes farther forwards than back- 
wards every Time, fo that at length it reyolyes 
quite round, as obſerved above. _ 

VI. The Excentricity of the Moon's Orbit 
5s greater and leſs in every Revolution of the 
Moon; it is greateſt when the Moon is in the 
Syzygies, and leaſt when it is in the Qua- 
dratures: And conſequently while it paſſes 

from the Quadratures to the Syzygies, be 
is increafing; and while it paſſes from the . 
* Syzygies to the Quadratures it is diminiſhing. 
And if we compare ſeveral Revolutions of the 
Moon tagether, its Orbit is the maſt-excen- 
trical when the Situation of it is ſuch, that 
the Linea Apfidum is in the Syzygies, and ſl 
| 15 | ] Wen 


when in the Quadtatures. 80 that when; hoth 
the Moon: apd the Lines Apfdum gf ita Qchit 
are in the Syzygies, its Excentricity ſhall be 
half as great again, as when they den bapgen 
to be in the Quadratures. 
1 The Line of the Nodes does not mere 
| uniformly backwards, that is, contrary to the 
Ortler of the Signs; but when jt is in the Sy- 
zygies it ſtands ſtill, and moves the faſteſt af 
all when in the Quadratures. 
VIII. The Inclination of the Lunar Orbit 10 
the Ecliptic (c) is alſo liable to Change; it is 
greateſt When the Nodes are in the Syzygies, 
: and leaſt when they are in their Quadratures. 
2:1 theſe Irregularities are greater when the 
Earth-is in its Perihelion, than when b is in * 
Aphelion; and allo greater 3 t 
== Conjun&tion with the Sun than 1 . 
tion 


5 another Particular in the Moan 
1 Motion, which is by ſome reckoned among 


its Irregularities ; which is, that it moves 


faſter in its Perigeon, than in its Apageon; 
but this is not ing to any Perturhation in ita 
| Aer ring from the Influence of the Sug; 


a Some ht A AI * Inlinaton of the Moon's 
Orbit to the Ecliptic, not from the Ecliptic, but from a Per- 
ndicular to that, and fo call its Inclinati ion 8 5D Degree ; inſtead 
2 Bee _ _ > mores 7: 15 2 — 2 — pr tis A 
pd t egrees an not 23 
is the molt uſual Way. 2 h 
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but is common to all the Planets, and is occa- 
ſion d only by its deſcribing equal Areas in 
equal Times in an A goal Orbit, as the van 
Planets do- 
All theſe Irregularities obſervable in \ the Mo 
tion of the Moon naturally flow from the Sup- 
poſition, that the Earth and the Moon are re- 
tained in their Orbits by Gravity, in the Man- 
ner laid down and explained in 6 Introduction 
to this Part, as will appear when we have con- 
ſidered the Phyſical Cauſes of "Wy Motion We 
=. the Heavenly Bodies. 
= The only uniform Motion the Moon 
=. --: * is its Rotation about its Axir, which it 
1 3 the ſame Way, and in the fame 4 
=. ime, that it does its Revolution about tzje 
= Earth, The Conſequence of this would be, 
i that if its Revolution in its Orbit were per- 
| formed with an uniform Celerity, and that 
Orbit were a Circle having the Earth in its 
| Center, and alſo if the ya of the Moon 
LVvwere perpendicular to the Plane of that Or- 
. als Moon would in all Poſitions turn ex- 
actly the ſame Side towards the Earth. This 
is ſo obvious as to need no Illuſtration. But 
ſince its Motion in its Orbit is not uniform, 
| nor its Orbit a Circle, neither its Axis 
i pendicular to the Plane thereof, the Mooh 
* does not keep the ſame Face exactly towards 
* | us, but turns it a little, firſt one Way, then 
Z 8 n * ſubjeQ to a 10 
8 ol 
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old Libration, vis. from Eaſt to Weſt, and 
from North to Sduth: To the one of which 
the two firſt Cauſes above-mentioned concur; 
the other is owing to the third. And firſt 
to illuſtrate that Libration which is from 
Eaſt to Weſt.” Let the Elliptical Orbit BBB 
(Fig. 15.) repreſent that of the Moon, let E 


be che Place of the Earth, and let the Circle of 
 ABCD- repreſent. the Moon in its A 


at A; and for the preſent, let us ſuppoſe | 


the Axis of the Moon perpendicular to its 


Orbit. Then becauſe its Motion about its 


Ari is uniform, and its Motion from its 


Apogeon the ſloweſt of all; it is evident, that 


at the Time when it has Tevolved a Quarter 
of the Way round its Axis, and obtained, 
ſuppoſe the ſituation FBC D, it will not have- 
advanced a Quarter Part of the Way through 


its Orbit; and therefore the Face BCD; which 


was une towards the Earth at firſt, cannot 
now be turned to I the Center of the Ellipſe, 
much leſs to E the Place of the Earth, but 


to ſome other Place, as K, on the other Side 


the Center: But when it has advanced to G, 


the ſame Face BCD will be turned towards E, 


that was when the Moon was at A; becauſe, as 


it has advanced half through its Orbit, it has 
advanced half round its own. Axis. Again, 


as it moves quicker in that Part gf its 


Orbit, that is near its Apogeon, it will have 
7 7g abere a Quarter Part of the Wa 
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turned a 


K, 


toward 


as it Was 


Weſtz with r 


Eaſt, 


_ (ig: 


Cirele AM BA 
AB being 
Parallels of its E 

is at II, let the 


be found at ; 


its ear 


of the en Part IW. 


throug h in Orbit, and ſo will have 15 
poſe inte the Situation HB CD when it has 
Quarter, round its Axis and that 
Part of the Moon which was viſible when 
the Moon was at A, will be turned towards 
wien the Moon, was at F. 
And it is obſervable from the Figure, that 
the Face BCD, which was turned directly 
the Earth at E, when the Moon . 
was either at A or G, is when the 
at F. turned to the Right, or towards the 
Spectatot viewing 
it from E; but to the Left, or towards the 
when the Moon is at H. And this is 
the firſt Kind of Libratioun which was to be 
explained. As to that which is from North 
to South, it may be thus illuſtrated. Let HI 
16:) — the Plane of the Moon's. 
Orbit, being fuppoſed to be ſeen edgewaysz 
let E be the Place of the Earth, and let the 
repreſent the Moon, the Line 
and M*# one of the 
ator; and when the Moon 
oint M be that which is 
turned directly towards the Earth. Now when 
the Moon has fevolved half round its Axis, 
which will be when it has got to I, the op- 
poſite Point of its Orbit, the Point M will | 
| bat becauſe of the P aral- - 
leliſmm of its Axis; mot this, but: ſome other 
THY as. N. is that which i is turned directly 
towards L 


got ſup- 


Moon is 


| 


* 


* 
— 


towards the Earth at E; ſo that to a Spectator 
at E, the Fiſible Part of the Moan librates 
from North, to South, and returns to its Place 
once in each Revolution, one of the Poles a6 
A being only viſible, when the Moon is in one 
Part of its Orbit, 1. % at I, and the Pole B 
c only when it is at 3 beeauſe the Circle re- 
Preſented the prieked Line CD terminates 
| the View of a SpeQtator at E, in either Situa- 


tion of the Moon (a. my 
As to the Surface of the Moen, whoever 
views it with a good Teleſcope, will pefceive 
ſome Parts of it ſhining very bright, while 
others are as dark and obſcure: The brighter 
Parts are thought by ſome to be Land, 


4a) It may be worth conſidering here, what Kind of Mo, 
tion the Earth ſeems to have to the Inhabitants of the Moon, 
* any ſuch there. be. And firſt, we will ſuppoſe that the 
Hemiſphere, which the Moon turns towards us, is always - 
exactly the ſame: In this Caſe it is evident, that to ſuch as 
— the Middle of that Hemiſphere, the Earth muſt always 
ſieem to be directly over their Heads; becauſe 'a Line drawn 
from the Center of the Moon through the Place where they are, 
would paſs through the Earth; And to ſuch as live at the Ex- 
tremity of that Remiſphere, the Earth muſt always appear in 
* their Horizon. But fince.the Moon, as ſeen from the Earth, 
haas theſe libratory Motions above-mentioned, it is impoſſible | 
that Earth ſhould dlways appear direQly Vertical to the 
one, or in the Horizon of the other; but muſt ſeem always = 
nearly at the fame Degree of Elevation; — ually miftigg 
its Situation from Eaſt towards the Weſt, and from Weſt to- 
wards the Eaſt; and at the ſame Time from North towards the 
South, and from South towards the North, according as the 
6 1 the Moon, as ſeen from the Earth, is made in that 
. Ime. g } | 


Ba > X | the 


** ** 
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the Cities: Water; becauſe leſs Light is re= 
flected from Water than from Land. But 
Keill is of Opinion, that ſome of thoſe darker 
Places may be occaſioned by the Shadows of 
_ higher Places * upon them, and others 
may conſiſt of a Soil of a darker Colour, 
that reflects leſs Light than the reſt (4). How- 

ever this be, it is moſt certain, that there 
are Mountains in. the Moon, and thoſe very 
high ones. For when the Moon is viewed 
through a Teleſcope, the Line which ſepa, 
rates the illuminated Hemiſphere from the 
dark one does not appear Tickle when the 
Moon is halved, , or uniformly bent when it 
is horned or gibbous, as. when we view uit 
with the naked Eye; but ſeems jagged,- 
broken, and uneyven; which evidently ſhews 
that its Surface is ſo too: For if its Surface 
were ſmooth and even, no Reaſon could be 
given why the Light of the Sun ſhould not 
reach as far in one Place as another. But 
. the Boundary of Light and Darkneſs in the 
Moon is not only thus jagged and uneven, but 
ſome Parts even within the darkened Hemi- | 
ſphere, that lie near the Edge of it, are en- 
lightened by the Rays of the Sun long before 
ſuch as lie nearer the illuminated Hemiſphere, 
and continue ſo till after the Parts about 
os ON are in the Dark. Theſe * 


A (9) See his Aſtronomy, Lect. X. | 
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muſt be the Tops of high Mountains, on 
which the Sun ſhines as it does on thoſe on 
Earth, both before and after it is viſible in the 
Valleys below. The perpendicular Height of 
a very remarkable Mountain in the Moon, 
called St. Katharine (c), has been found by 
Menſuration to be nine Miles, which is pr 
bably much higher than the higheſt Mountain 
that we have upon the Earth (4), 


0 See the Ne ahh | Aflronomars have. dine 


* 


above referred to. | : ETC 
1 (4) The Method of meaſuring the Height of a Mountain in 
the Moon is this: Let ABDE (Fig. 17.) repreſent the Moon, 
C its Center, SA-a Ray of Light from the Sun, ABD. the i- 
luminated Hemiſphere, AE D the dark one, F the Top of 2 
Mountain beginning to be illuminated. Then with a Tele- 
ſcope in-which there 1s a Micrometer fixed, let the 2 

Lengths of the Lines FA and AD be taken. en becauſe 
the real Length of the latter, which is the Diameter of the 
Moon, is known, the true Length of the former will alſo-be. 
had. Since then the Line SAF 1s a Tangent to the Moon, che 
Triangle FAC will be a right-angled one, and F C will be its 
5 whoſe Square being equal to the Squares of the 


other two Sides, it may from thence ba. alſo known. Now if 
this we ſubſtract th 
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of the 1 75 Bodies, . bered 
the Interpoſition of ſome other b etween ,th 


and the Sun. Thus when the Moo n paſſes 
| through the Shadow of the Earth, W bai by 


that Means deprived of the Sun's Light, Toſes 


its Brightneſs, and is. then id. io ſuffer. an 


ſe. So when the Moon is interpoſed be- 


teen the Sun and the Earth, the Sun being in 


Appearance deprived of its Licht, is ſaid to be 
eclipſed; though it is the Earth which is pro- 
perly — that, and not the Sun. bei ng the Body 


white ede Light is wanting 


One primary Planet is never . at ſed by 


| the Imerpoſition of another; 6e they 
ate fo ſmall with reſpe@. to the Magnitude 

of the Sun, that the e of any one of 
them ends in a Point before it reaches the 


Body of another. Thus when the Earth is 
interpofed between Mars and the Sun, its 
Shadow vaniſhes before it reaches to Mars. 


And even when the Moon is interpoſed be- 


tween the Sun and the Earth, if the Earth be 


/ 


in its Lana and the "OP. in its Apogeon 
| 14 28 at 


1 * 


* 
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at that Time, the. Shadow of the Moon will 
not reach the Earth, and ſo the Moon will not 
ſeem to cover the whole. Body of the Sun, but 


as a large dark Spotz- ſurrounded with a 


Cirele of e from the Limb ot | 
Edge of the 


: Tron whiat has been ae it — 4 
that there can be no Eclipſe of the Moon, 


but when the Earth is interpoſed between it 
and the Sufi, that is, at the Time of its Ops 
Pr or when it is Full; nor any of the 
when the Moon is between the 
nN and 3 Sun, that is, at the Time of, 
its Conjunction with the Sun, or when it bo 
New. And the Reaſon why theſe Eelipſes do. 


not happen at every New — Full Moon, is, 


becauſe, as was obſerved, above, the Plane of 
the Moon's Orbit is inclined to that of the 


Earth's; {6 that the Moon is ſometimes above 


the Ecliptic, and ſemetimes below it, at the 
Time of its Comjunction with, or Oppoſition 
to the Sun, in Which Caſe the Shadow of the 
one Pats e or below the other (60. 


(4) It is wen Bt in * * wer er an Oppolition or 


a Conjunction of a Planet with the Sun, that it be in à right | 
Line that paſſes —_— the Sun and the Earth; it may be in 


any Degree of Latitude that it is capable of, and is nevertheleſs 
ſaid by Aſtronomers to be in — . 5 or Oppoſition wittr 


_ the Sun; provided it be in the ſame Patt of the Zodiac, that is, | | 


if it _ the * ee of W . therewith, _ 


\ 


The. 
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The only Time therefore in which Eclipſes, 5 
Ger of the Sun or Moon, can happen, muſt 


be when the Nodet ate in or near the 872 
gies, that is, when the Line of the Nodes points 


5 towards the Sun. Now if the Line of the 


Nodes always pointed towards the ſame Points 
of the Heavens,” or remained parallel to itſelf, 
thentheSun, appearing by Means of the Earth's | 
Motion to run through the Ecliptic once a 
Year, it is obvious that one of the Extremities 
of chis Line would point towards the Sun each 
Half Year: But ſince this Line has a flow Mo- 
tion contrary to that of the Sun, by which it re- 
volves round in nineteen Vears, as obſerved 
above, it meets the Sun with one or the other 
Extremity before it has got quite half round, 
and ſo points towards it twice in ſomewhat : 
- Teſs than Half a Year: So that it ſometimes 
| Happens that it points towards the Sun three 
Times within the Space of a Year, which is as 


| 1 oft as poſſible. Andi it frequently happens, that 


the Sun being in its Approach towards one 
of the Nodes at the Time of the New or 
Full Moon, and near enough to occaſion an 


.  Eclipfe then, the Moon ſhall get about to the 


= Node, before the Sun be too far re- 
moved from the former, and fo there will be 
another Eclipſe then. Upon which Account 
it is poſſible there may be two Eclipſes, while 
the Sun is paſſing by either Extremity of the 
Line op the Nodes ; the one'of which (if N | 


Chap. IX. Sun and tb Moon. oy 
be the at New Moon) will be an Eclipſe of the 


Baun, and the other will happen at the next Faſt | 


Center being then in a right Line with, thoſe of 


Rays. But the Shadow where the Moon paſſes 


Moon, and will therefore be an Eclipſe of the 
Moon; or if the firſt be at the Full, the other 
will be at the New. But if the Moon be with- 
in a Day or two of paſſing thro' one of its 
Nodes at the Time of its Conjunction, it will paſs 
by the other without ſuffering an Eclipſe there. 


When it happens that the Moon is in one of 


its Nodes at the Time of its Oppoſition to the 
Sun, then is it ſaid to be 3 eclipſed, its 


the Sun and Earth. In this Caſe it is alſo rally 


ow every Part of it being hid from the Sun's 7 


through, is about three Times as broad as the 5; 


Face o the Moon, fo that it may ſuffer a total 
Eclipſe, though it be at ſome Diſtance from the 

Node at the Time of its Oppoſition: An Etlipſe 
of the Moon may therefore be toral, when it is 


not a central one; but an Eclipſe of this Kind 


will be of ſhorter Duration than the former. 
Farther, if it be ſo far removed from the Node, 
that a Part of its Diſk only falls into the Shadow 
of the Earth, it it ſaid ts be a partial Eclipſe, 
and is of ſhorter Duration than the former. If 
the Moon be above 13 Degrees from the Node, 
at the Time of Full Moon there can be no Eclipſe 
of the Moon: nor no Eclipſe of the Sun at the 
Time of New Moon, if the Conjunction happens 
at a greater Diſtance from the Node, nm 17 De- 
grees. 0 : 


% 
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5 . The 8 a central Eclipſe of the 
Meon is abont 4 Hours; the firſt of Which 
_ 4s taken up in entering the Shadow,  :wg more 


it continues quite immerſed therein, d the © 


fourth-is ſpent in getting out. 
What is here ſaid, may be ilograted i in the 
following. Manner. Let AB (Fig. 18.) re- 
preſent a ſmall Portion of the Plane of the 
Earth's Orbit ſeen edgeways, CD a Part of the 
Moon's Orbit, and let the Point where theſe 
Lines eroſs each other be one of the Nodes, 
and E, E, Ge. the Shadow of the Earth paſſ- 
ing along the Ecliptic. If the Moon falls into 
the Shadow at N, it is both a — central 
Escelipſe; if at O, it is total, * central; 
15 If at P. the Eclipſe is only partial. And if the 
is at Q at the Time of i its e it 
| #hen paſſes by the Shadow without being eckig 
ed ar all (2). 
As all o oak Bodies when, illuminated by 
the Rays of he Sun, caſt a Shadow from them, 
ſo they have alſo. a Penumbra, which is an 
imperfect Kind of Shadow, every where — 
tes the anner, and growing larger and 


= We * hitherto W that the Shadow of the Barth 
ches the Moon, as it would do, were it not for the Atmo- 
ſphere of the Earth, which by refracting the Sun's Rays ag they 
3 through it towards the Earth, throws them into its Sha- 
w which refraGed Rays falling upon the Moon, rendgr jt vi- 
Able to us, altho' placed within the Limits of the Shadow, and 
the Occaſion of that Teddiſh wy with which the hoon 


| Appears at that Time. 
larger, 


" „ 
"ESE. 
* 1 
9 


Ola N. — hoy | 


larger, as we recede from the Body. As the 
other is owing to a total e of 1 
. Rays of Light, this is occafioned b 


: — The 29th. Figure will "explain 22 
| Fs AB CI. repreſent the Body of the Sun,. 


| KI the Earth, and MN the Mooy ; ; and let the 
Lines AM, BM, Sc. be drawn as in the Figure; 
then will the Space MNFG, within which 
none of the Rays can come, be the Shadow 


thereof. But jt is evident that beſides this there 


are other Spaces, viz. MPE and MEP, Sc. 


within which but Part of the Sun's Rays can 


come; and the nearer thoſe Spaces are to the 


Shadow, the leſs Li ght they are capable of re- 


| ceiving. The Light which falls wighin theſe” 
Spaces is called the Penumbra, + 

This being premiſed, we may proceed to 
conſider the 177 rent Kinds of Solar Eclipſes. 
The Moon being ſmaller than the arch. 

and having a conical Shadow, as being alſo leſs 
than the Sun, a very fmall Part of the Surface 
of the Earth can be covered by the Shadow of 
the Moon at the fame Time, though, as ob- 
ſerved above, the whole Body of 102 Moon 
may be involved in that of Fd Earth ; fo that 


an Eclipſe of the Sun is vifible but to a few In- 


habitants of the Earth, whereas one of the 
Moon may be ſeen by Al that live on that He- 
nuſphere 10 the Earth . is turned tbwards it. 


#. 
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In order to conſtitute a central Eclipſe of 
the Sun, it is not neceſſary that tlie Moog 
 thould be exactly in the Line of the Nodes 
at the Time of its Conjunction; for, it is ſuffi- 
cient to denominate an Eclipſe of the Sun 


-..  ' gentraly that the Center of the Moon be 


directly between the Center of the Sun and 
the Eye of the Spectator ;. for to him the Sun 
zs then centrally eclipſed. But ſince the Sha- | 
dow of the Moon can cover but a ſmall Por- 
tion of the Earth, it is obvious this may hap- 
pen when the Moon is not in one of her 
Nodes. And not only this, but the Sun may 
be eclipſed centrally, totally, partially, and not 
At all, at the ſame Time. For Inſtance, when 
the Moon is interpoſed between the Sun and 
the Earth, to thoſe who live where the Cen- 
ter of the Shadow paſſes (as in the Middle 
between F and G in the laſt Figure) the Sun 
will be. cenzrally eclipſed; to thoſe who live 
within the Shadow, but not in the Center 
(ſuppoſe nearer to F than to G) zotally; to 
thoſe who live in the Penumbra, as between 
F and D, or G and I, parielly, and that 
more or leſs as they live nearer or farther from 
the Shadow; to thoſe who live without 
the Penumbra, as between D and K, not at 
all. Coat +2 „„ N TI Pen. 1 
But as the Shadow paſſes along the Sur- 
PP 
| ae 5 .- tho 


thoſe very diſtant ones, will ſee the ſame Kind 


and Da of . W not at the ſame 
Hour (c). 


00 For the Method of Weide Eclipſes, ſee Keill's Aſtro- 
nomy, Left. XIV. or * s A nomical hn 2 
XI. | 


CHAP. \ We. 


of the Phznomena of the 8 tellites of 


Jupiter and Saturn, their Eclipſes 


and Occultations : and allo F.3 8a 85 


turn 4 Ring. 


HE Satellites of Jupiter and Saturn 


are ſubject to the ſame Kind of Mo- 

tion with the Moon, and thetefore, if we ſup- 
poſe them to be ſeen from their Primary ones, 
| they will exhibit nearly the ſame Phenomena. 


All the Satellites. of Saturn revolve about. 


it in almoſt the fame Plane, viz. that of 
its Ring; excepting the fifth, the Plane of 
_ whoſe Grbit deviates a little therefrom. _ Thoſe 
of Jupiter move alſo in a Plane that is pro- 
Per to themſelves, and nearly coincident with 


that in which Jupwer [Atlelf moves about the 


Sun. 


— — — — —  — 


- 
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Theſe Planets, viz. the Secondaries both 


of Jupiter and Saturn, when viewed from the 


Earth, appear to have their Progreſſions, their- 


Stations and Retrogradations independent of 
thoſe of their Primaries ; that is, when a Pri- 
mary is Progreſſive, its Secondary may be re- 
greſſive, or otherwiſe; and vice verſa. For in- 
| Nance, when. a Secondary is beyond its Pri- 
mary, that is, in its ſuperior Conjunction with 
reſpect to the Earth, it ſeems. to move accord- 
ing to the Order of the Signs; but when. it is 


in its inferior one, it ſeems to move the con- 
trary Way; and when its progreſſive Motion is 
changing into a regreſſive one, the Planet ap- 


pears ſtationary. 

To illuſtrate this; let 8 (Fig. 20.) repreſent 
the Sun, I the Planet Jupiter or Saturn, BEG 
the Orbit of one of its Satellites, and let EPF 


be the Orbit of the Earth. While the Satellite 
paſſes through OHB, the-ſuperivr Part of its 
Orbit, it will appear from rhe Earth to move 


the fame Way with its Primary; but While it 


moves through the remaining. Portion B'L O. 


it will ſeem to go the contrary Way; as is ei- 
dent if we conſider that its Motion in i Ordir 
is quicker than that of its Primary. 


Theſe Satellites and their Primary oled OY © 
tually eclipſe each other in the fame; Man- 


ner in which it has been ſliewn that the 


Earth and the Moon do. But there are three 


— 


* 


different Caſes in which the Secondaries dit 
appear to us. The one is, when a Secondary 
is directly behind the Body of its Primary 


with reſpe& to the Earth: this is- called an 5 
Occultatian of the Planet: Another is, when 


it is directly behind its Primary with reſpect 


do the Sun, and fo falls into its, Shadow, and 


ſuffers an Eclipſe, as the Moon, when the 


Earth is interpoſed between that and the Sun: 


The laſt is, when it is interpoſed between 
the Earth and its Primary; for then it can- 


not be diſtinguiſhed from the Primary itſelf. 
All which may be illuſtrated in the fen f 


Manner. | 
_ While the Planet deſcribes oH B, the ſupe- 


rior Part of its Orbit, it is capable of diſap- 
pearing twice; once when its Primary is in- 


ö Chap, X. Ul Jupiter and . 5 Y 


terpoſed- between, it and the Earth, as when 


it is at G or. K, or ſome intermediate Point, 
according as the Earth is fituated at that 


Time; and alſo at H, where it is involved 


in the Shadow of its Primary. When the 


Earth is between F and Q, or F and P., 
that is, when the Sun is to the Eaſtward a a 
x the Eclipſe of: the Secondary happens 


viz. when 10 paſſes through the Shadow 


at H; and the Occultation afterwards, when 
the Planet lies hid at K. When the Earth 


is between E and Q or E and P, the Occul- 
tation is firſt, and the Eclipſe afterwards, While 


O 2 : * 


8 —. 
alt op — n 
6 " GY | 


eclipſes a Part of it (a). 


P the 
Which ſhews that 1 up ſome Time in pafling from 
e 


/ Puted by Remer, that Light is eleven Minutes in paſſing from 
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it paſſes through the inferior Part of its Orbit 
it diſappears alſo, according to the Situation of 
the Earth, either at D or C; or when it is be- 


tween thoſe Points, being directly between the 


Earth and its Primary, and therefore not diſ- 
tinguiſhable from the latter. When the Satel- 
lite is at L, in Conjunction with the Sun, its 


Shadow falls upon its Primary, and eclipſes a 


Part of its Diſk, in like Manner as the Moon, 
in the like Situation with reſpect to the Earth, 


- ” gf _ h 
1 
1 As 
4 5 


(a) From the Occultations and Eclipſes of the Satellites of 
Palas, three notable Problems are determined, vi. 1. The 
arallax of the Orbit of the Earth in that Planet, and thereby 
85 we obſerved Chap. VII. in the Notes) its Diſtance from the 
un. 2. The ſucceſſive Propagation of Light; and, 3. The 
Longitude of Places mou the Earth. * OY 8 
1. The Method of finding the Parallax of the Orbit of the 


Earth is this: Let the Interval of Time which lapſes, between 
the Middle of an Occultation of one of the Secondaries, ſu 


poſe at G, and the Middle of its Eclipſe afterwards at H, 
which is the Time the Planet deſcribes the Arch GH in, be ob- 
ſerved. ' The Time then of its whole Revolution being known, 
that Arch itſelf may be had, which is the Meaſure of the Angle 


GIH, or. its equal EIS, which is the Parallax of the Orbit of - 


the Earth in that Planet. ; > ? | 
2. If Light were in/tantancons, a Spectator at P would 
ſee an Eclipſe of one of the Secondaries of Jupiter, at the 
ſame Time that he would do if on the contrary Side the Sun 
at Q. But it appears from Obſervations, that when the Earth 
is at Q% thoſe. Eclipſes happen ſooner, and that when it is at 
appen later, than they ought to do by Computation. 


to P. From Obſervations of this Kind it has been com- 


the 


bl 
5 
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As to the Phenomena of Saturn's Ring, it 
is obſervable, 1. That its Inclination to the 
Plane of the Ecliptic is about 31 Degrees: 
2. That the Thickneſs of it is inſenſible; and 


% 


the Sun 1 us; which is u s of $1 Millions of Miles: 


But it has ſince been found by the more accurate Obſervations 


of others, that it paſſes over that Space in about 7 Minutes. 


3. The Longitude of a Place is its Diſtance Eaſt or Weſt * 


of ſome other Place; and as Places lie more or leſs Eaſt or 


Weſt one of another, the Hour of the Day in one is more 
or leſs different from the Hour of the Day in the other. 
That is, as Places differ in Point of Longitude, fo they do 
proportionally in their Reckoning of Time. For Inſtance, if 
a Place lies fifteen Degrees to the Eaſtward of another, it 


is one Hour paſt Mid-da there, when it is but Mid-day at 
the other: The Reaſon 1s, becauſe. the Sun is an Hour in 


paſing over each fifteen Degrees of its daily Courſe. In like 
anner, if a Place lies fo my . rees to the Weſtward: 
u 


of another, the Sun comes an r later to that Place than 
to the other; ſo that it is but Eleven of the Clock there, when 
it is Twelve at the other. And ſo proportionally for any 
other Diſtance. If therefore at two Places, it be obſerved at 
what Hour the Beginning of an Eclipſe of one of Jupiter's 
Satellites happens at each of them, and if that Hour be not 


. the ſame in both, the Difference will ſhew how far thoſe! 


Places lie Eaſt or Weſt of one another. Or if, inſtead 
of the Obſervation at one of the Places, an Almanack 


be made Uſe of, that ſnews the Time when the Eclipſe will 


happen at that Place, and at that Time be compared with the 
Time of its happening obſerved at the other Place, the Dif- 


ferences between thoſe Times, if there be any, will ſhew the 


ſame. 


This Method very rarely ſucceeds at Sea, becauſe the Toſing 


of the Ship is inconſiſtent with the Accuracy equired in Ob- 
ſervations of this Kind. | | W 
The like may be done by obſerving the Time when an 


Eclipſe of the Moon happens, or when it comes to a fixed _ 
Star: But theſe are Phenomena that are much leſs frequent, 


| than the other, 


93 therefore. 
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of it, if produced, would paſs through the 


; Earth, it becomes inviſible. . Neither is it to 


be ſeen. when the Plane of. it paſſes between 
the Sun and the Earth; for then the Sun ſhines 


upon that Side bf ie Which is turned from wes ; 
| in Which Cafe, the dark Side being” next th 


Earth, it is not perceptible. to us. But in this 


Caſe a black Liſt- or Circle appears to encom-. 


| paſs the Planet, "which in all Probability is the 
Shadow of the Ring thereon. The Extremi- 


ties of the Ring which appear on either ** 
4 wp Planet are 2. ſome called its Ay. 7 
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of the Comets, 


HE Comets are opake, ſpherical, and 
ſolid Bodies, like the Planets; an 


| 
*& 4 


3 | them, perform their Revolutions about e 


f Sun in elliptical Orbits, Which have the Sun 
in one of their Foci. T N Particulars in which 
they differ from the Planets, are, that they move 


in various Directions, ſome the ſame Way 


with the Planets, others the contrary; neither | 


are their Motions confined within the Zo- 


755 [es Ee Orbits Fedemobg of any 1 Tnclina- 
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Chap. XI. Of the Comets. 213 
tion to the Ecliptic whatever: And the Ex- 
centricity of their Orbits is ſo very great, that 


ſome of the Comets perform the greateſt Part 
of their Motion lines; in right Lines; tending, 
in their Approach to the Sun; almoſt directly 
towards it, after which they paſs by it; and 
when they leave it, move off again nearly in 
a right Line, till they are out of Sight, as if 
they were haſtening back to the Fixed Stars; 


and return not till after a Period of 1 | 


Years (a). 
- As the Comets approach the in their Mo- 
tion grows proportionally ſwifter, for they de- 
fcribe equal Areas in equal Times about its 
Center, as the Planets do. Hence it is, that 
when they are in their Peribelia; that is, at 


their leaſt Diſtance from the Sun, thoir Motion EN 


is immenſely ſwifter than when they are in 
their Apbeha, or greateſt Diſtance from it. 
This is the Cauſe that they are viſible to us for 
| fo ſhort a Time; and, whey they diſappear, are 


ſo long before. they come near _— to be 5 


ba again (9); * 


-(a) See a Portion of the Orbit of a Chae deſcribed, Plate I, 
Fig: 1. at 46 . 
(5) From the Obſervations of Aſtronomers, i it ſeems probable, 
chat the Comet which appeared in the Year 1682 was the ſame 
which was ſeen before in the Year 1607, and the Year 1531, 
and therefore may be expected again in the Year 1758, After 


a Period of about 76 Years. Aud that the great Comet 


which Ries or in the Year 1680, was the ſame that was ſeen 
o 


| in the 


ö 6 
f 


i# 
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The Ancients were divided in their Opinions 
concerning them, ſome conſideri . as 
wiandering Stars, others as Meteors kindled in 
the Atmoſphere of the Earth, ſubſiſting for a 
Time, and afterwards diſſipated: Others look- 5 
ed upon them as ominous Prodigies. . But it is 

put beyond all doubt by the more accurate Ob- 
ſervations of late Aſtronomers, that they are 
2 Kind of Planets. That they are not Meteors, 
is obvious; for, if they were, they could not 
hear that vaſt Heat, which ſome of them in 
their Peribelia receive from the Sun. The 
great Comet which appeared in the Vear 1680, 
was within a ſixth Part of the Sun's Diameter 
from its Surface, and therefore muſt acquire 
a Degree of Heat intenſe. beyond all Imagi- 
nation (c). „„ 1 WB Wt oy | 


x 
> 1 
- 
- 
- 


in the forty-fourth Vear before Chriſt, in which Fulius Ceſar . 
was murdered. If ſo, then the Period of this Comet is about 
575 Years.. There are between 20 and 3o that have appeared 
nce the Year 1337, but no two Appearances ſeem to belong 
to the ſame Comet, except thoſe above mentioned. See Dr. 
Halles Synopſis of the Aſtronomy of Comets, publiſhed at the 
End of Gregory's Aſtronomy, in which there is a Table expreſ- 
ing the Motions of all the Comets that have been hitherto duly 
obſerved. The Comet of 1680, in one Part of its Orbit, paſſed 
within Half the Sun's Breadth of the Way of the Earth. ; 
(e) One Method by which Aſtronomers inveſtigate the ap- 
parent Courſe of a Comet, is this: They obſerve what two 
Stars are directly one on one Side of the Comet, and the other 
on the other; which is done by holding up a Thread between, 
the Eye and the two Stars, and extending it in ſuch a Manner, 
as chat it ſhall ſeem to croſs each Star: they look out two, 
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As to thoſe Phenomena of them which 
| ariſe from the Motion of the Earth ; they 
agree in a great Meaſure, with thoſe of the 


Planets. . For Inſtance, thoſe Comets which 


move according to the Order of the Signs, a 
little before they diſappear, become more than 


ordinarily Jow-.or retrograde, if the Earth at 
that Time be between them and the Sun; but 


more than ordinarily ſwift, if the Earth be on 


the oppoſite Side: And the Reverſe of this 
happens to thoſe which move contrary to the 
Order of the Signs. 'This 1s occaſioned by. 
the Motion of the Earth, as Was obſerved 


of the ſuperior Planets: For when the Earth 


goes the ſame Way with a Comet, but with, 


2 ſwifter Motion, the Comet ſeems retro- 


grade; when with a {lower Motion, the Co- 


met's apparent Motion becomes flower ; and 
when the Earth moyes the coptrary Way, it 
becomes ſwifter.. | | 1 


Few of the Comets are to be ſeen in their 


Acceſs to the Sun, but in their Receſs ap- 
pear with long fiery Tails, pointing directly, 


or nearly ſo, towards that Part of the Hea- 


other Stars in ſuch a Situation alſo, that the Comet ſhall appear in 
Line that paſſes from one to the other: which are found as be- 


Then they extend a Thread upon the Celeſtial Globe, from 


ane of the two firſt Stars to the other ; and another Thread 
from one of the two laſt Stars to the other: And the Point on 
the Globe where the Threads croſs is the apparent Place of the 


. 
- . 
ry 
: | 
7 


Comet at the Time the Obſervation was made. This they do 


daily, and fo trace ot its apparent Courſe in the Heavens. 
, vens 


| | fite to the Aan Some are vifible before Fl 


28 Of the Comets: Part IV. 
vous which, with reſpect to the Comet, is oppo- 


reach the Sun, and begin to put forth their 
, Tails, which at firſt are ſhort and thin, ſeldom - 
exceeding fifteen or twenty 1 rd in Length, 
but grow longer and denſer as the Comet comes 
nearer the Sun, If the Comet paſſes very near 
Cw Sun, it then ſends forth fiery Beams of 
Light every Way. After this it puts forth a 
Tail forty, fifty, or ſixty Degrees long, which, - 
as the Comet recedes farther from the Sun, : 
continually diminiſhes both in Length and 
- Splendor; but is larger and longer at àny Dif- 
tance in its Receſs from the Sun, than at an 
| * Diſtance in its Acceſs to it. 4 
Ibis great Splendor and Length of the Tails | | 
Sir Jaac Newton thinks ariſes from the Heat 
which the Sun communicates to the Comet as 
it paſſes near it; and accounts for it after the 
following Mannet. As the Aſcent of the 
Smoak in a Chimney i 18 owing to the Im- 
pulſe of the Air with which it is entangled, 
(for the Air about a Fire being rarefied by the 
Heat thereof, has its ſpecific Gravity thereby 
rendered leſs than that. of the more diſtant 
Air: Upon this Account it aſcends, and car- 
"ries along with it the Smoak with which it is 
engaged) in like Manner he thinks the Tail 
of a Comet may ariſe from the Atmoſphere 
thereof in thoſe Parts which are oppoſite to the 
_ being * up by the /Ether about the 
SG Comet, 


a , 
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Comet, rarefied to a very great Degree by the 
Heat thereof. He thinks his Opinion greatly 
confirmed by the Appearance of the Tails; 
for, when accurately obſerved, they are found 
not to riſe always in a Direction preciſely oppo- 
ſite to the Sun, but to deviate or incline a lit- 
tle from thence towards thoſe Parts which the 
Comet has lately left; and not only ſo, but to b | 
be bent into a certain Curvature, the Extremi- 19 
ties of the Tails deviating from the true Op- 9 
ſition more in Proportion than the other 

arts; and to be more denſe ſeemingly, and 
better defined on the convex, than on the con- WE 
cave Side: And farther, that the longer tze 
Tail is, the more ſenſible is the Curvature, as 
being the greateſt at the greateſt Diſtance from 
the Body of the Comet, Upon theſe Ac- 
counts he thinks it evident, that the Phæno- 
mena of the Tails of Comets depend on the 
Motion of their Heads, and: that the Heads 5 
furniſh' the Matter which forms the Tails. 
For as in the Atmoſphere of the Earth, tze 
Smoak of a Body aſcends perpendicularly if 
the Body be at Reſt, and obliquely if the Body ö 
be moved any otherwiſe than directly upwards 
or downwards; ſo in the Heavens, where all e 
Bodies gravitate towards the Sun, Smoak and 
Vapour muſt aſcend from the San, and riſe 
perpendicularly, if the ſmoaking Body be at 
Reſt ; and obliquely, if the Motion of the Body 
de oblique to the Direction in which the Vapour 

. : | aſcends. 


— 
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5 aſcends. And becauſe the Force by which the 
_ |, Vapour aſcends is ſtrongeſt near the Body of 
tze Comet, the Obliquity with which it aſ- 
cends will be the leaſt near the Body, and 
greater at greater Diſtances, and conſequently 
the Column of aſcending Vapour will be in- 
- curvated'or bent towards thoſe Parts which the 
Comet leaves: And becauſe the Vapour in the 
| preceding Side is ſomething more recent, that 
is, has aſcended more lately, it will be ſome 
what more denſe on that Side, and on that 
Account muſt reflect more Light, as well 
as be better defined; the Vapour on the other 
Side languiſhing by Beten and vaniſhing! 
dut of Sight (4). 
| "Theſe are the Sentiments of Sir Iſaac Newton; 
but I muſt beg Leave to differ from him in 
this Matter. For I think it ſomewhat im- 
probable, on Account of the great Rapidity with 
which Comets move, that the Ather diffuſed 
throughout the "Heavenly Regions ſhould 125 . 


RED: - (4) Some have ſuppoſed, that the Heads of Comets are 
| 2 arent, and that their Tails are no more than a Beam of 
un, tranſmitted through them: But were the Heads of 
8 tranſparent, they themſelves would ſcarce be viſible. 
Others, that they ariſe from the Refraction of the Rays of 
Light in their Way from the Comets to us: But if ſo, * 
both the Planets and Fixed Stars ought to have Tails alſo." K. 
ter aſcribed the Aſcent of the Tails to the Rays of the Sun car» 
Tying the Particles of the Comet's Atmoſphere away with them, _ 
at is, impelling them into the Regions oppoſite to it. But 
we have no Inſtance of any Thing in Nature like this; this is 
therefore an ene, that cannot be ſupported. 


- 
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vitate ſufficiently towards the Sun (eſpeci- 
ally at Diſtances equal perhaps to twice that 
of the Earth from it) to cauſe the Vapours, 
or the Atmoſphere of the Comets, to aſcend 
into thoſe Parts, towards which the Comets 
are tending. For when a Body aſcends in a 
Fluid, as being ſpecifically lighter than it, its 

Motion at, or near the Beginning of it is very 
ſmall; fo that if the Fluid have but a ſmall 
Degree of Motion the contrary Way, the Re- 
ſiſtance thereof will readily ſtop the Aſcent 
of the Body, and will carry it the ſame Way _ 
it moves itſelf. This is the Reaſon why the Air, 
which cauſes the Flame of a Candle to aſcend 
can ſcarcely blow downwards with ſo ſmall 
a Degree of Motion, or (which is all one) 
the Candle itſelf can ſcarcely be lifted up 
with fo gentle an Hand, but the Flame will 
turn downwards. How is it then likely, that 
when a Comet moves with an incredible Ve- 
locity (viz. at the Rate of above a Thouſand 
Miles in a Minute, as ſome of them do at 
the Time when their Tails rife almoſt direaly _ __ 
before them :) How is it then likely, I ay, © 


that the Ether ſhould by its Gravity alone 
raiſe the Vapour of the Comet with ſuch Force, 
as to cauſe it to overcome its Reſiſtance, when 
| that Reſiſtance ariſes from ſo great a Rapidity 
of the Comet? Would it not rather carry it 
with it the other Way ? And if we augment. 
the Denſity of the Æther, and therewith its 
8 R Gravity, 


Derr 


. „ { | : 2 
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| Gravity, Wan the Reſiſtance of it will be the ; 
| greater 3 . and ſo the Caſe will be * deſ- 
erate ſtill. If we ſuppoſe it to be rarer, 
it will be lig W and 5 Teſs able to buoy 
"the Vapours G the Comet up. The Queſtion 
then is, How are thoſe Tails to be accounted 
for? My Conjectüre is as follows: It is well 
| Known that hen the Li ght of the Sun paſſes 
thou h the 17 5 of any Body 05 the 
1 that which paſſes on one Side is y the 
efraQtion thereof made to converge towards 
that which paſſes on oe, oppoſite one; and 
this Convergency 1 18 not w olly effected either 
at, the Entrance of the Lig Hy into the At- 
| Its or at its 1-4 out; but that 
beginning at its 2 it encreaſes mn 
every Point of its Progreſs. It is alſo agreed 
on all Hands, that 15 3 of the 
Comets are very large and denſe. | 
therefore, that by ſuch Time as tlie ip of 
the Sun has paed rde a conſiderable 
Part of the Atmoſphere of a Comet, the 
1 . are ſo = refracted towards each 
other, that they now begin ſenſibly to illumi- 
nate 55 (or rather the Vapours floating therein) 
and ſo render that Part which they have yet. 
to pals throuz b, wijible to us; aud t at t 1s. 
ortion of the Atmoſphere , of. 4 Comet, 
E ated” appears to us in the Form 
of a Beam of te Sun's Light, and paſies. 
under the Denomination of a Comet” 1 
8 ; ys 
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Thus, + when a Burning-Olaſß is expoſed to 
the Sun's Rays, if there be the lealt Smoak 
or Duſt hovering behind the Glaſs, the Rays 
of the Sun, as ſoon as they are brought near 
enough together by the refraQtive Power of the 
Glaſs, render ſo much of the Smoak or Duſt 
as they have yet to paſs through, very diſtin- 


guiſhable from the — Indeed, by the accu- | 
rate Reflection of the Glaſs, the Light of 
the Sun is brought to a Focus, wherefore 


the illuminated Space ends in a Point: 
But it happens not ſo to Rays refracted dy 
the Atmoſphere of a Body; becauſe the Ex- 
tremities of an . 40 not refract near 
ſo ſtron ly as thoſe Parts which are nearer 
the Let us now ſes how this i | 
othefis will anſwer the Are 9! of 

A | 
Wen 2 Canter hab bern in its Aphelion, 
by Means of its long Abſener from the Sun; 
the Vapours with which its Atmoſphere was 


full, are now condenſed and fallen down, the : 


Atmo here itſelf grown cold, ſettled into its 
natural State, and reduced to a ſmall Compals; 
therefore as the Comet approaches the Sun. 

the Tail of it is invifible to us, of at leaſt 
appears very ſhort: When it comes into the 
hotter Regions near the Sun, the Atmoſphere 

begins to rarefy' and dilate itſelf, and new VA: | 
_ pours riſfivg up into it, increaſe the Quantity | 

5 of Matter therein; on which Account the Tail +». 
grows 


— 
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Ws longer. When the Comet is in its Peri- 
lion, if it be then very near the Sun, by Means 
85 the exceſſive Heat thereof, not only the 
hinader Parts of its Atmoſphere are ſtrongly 
Hluminated by refracted Light, but the other 
Parts of it by the direct Light of the Sun, 
ſo that the whole Comet, Atmoſphere and all, 
is as it were on Fire; which cauſes an infi- 
nite Number of Beams and Irradiations to be 
| ſent out from every Part; in which State the 
Comet is ſaid to be Hairy. Afterwards when 
the Comet has got to ſome Diſtance from the 
Sun, and this great Illumination ceaſes, and 
the Atmoſphere is extended by Rarefaction to 
a_ monſtrous Size, and now more replete with 
Vapours than ever, which, like the Stream of 
aboiling Chauldron, have been continuallyriſing 
into it, the Rays of the Sun have a great Wax 
to go within it, after they are ſo far refracted 
towards each other, as to render the Atmo- 
ſphere viſible. So that the Tail now appears 
at its greateſt Length; but from this Time 
grows continually ſhorter and ſhorter (as the. 
Atmoſphere by the Comet's loſing its Heat 
contracts its Dimenſions, and the Vapour float- 
ing therein ſubſides on to its e al the Oat 
met is out of Sight. | 
But the greateſt Difficulty is yet behind, 
and that is, to account for the om I 
the Tail of the Comet from thoſe Parts which 
are Ie: to th Sun, towards thoſe CY 
a & 


x % 
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the Comet has left. For it will moſt certainly | 


be thought, that upon this Hypotheſis, the 


Axis of the refracted Rays, which is alſo the 
. Avis of the Tail, ought to be in a right Line, 
that paſſes through both the Center of the Sun 
and of the Comet. But if we conſider the 
_ exceeding great Rapidity with which a Comet 
moves, and that the Propagation of Light is 
not inſtantaneous, this Difficulty will alſo va» 
niſh. For fince Light is propagated in Time; 
that which paſſes near the Body of a Comet 
will not, when it comes at the Extremity of 
its Atmoſphere, enlighten a Portion of it that 
lies in a right Line drawn through the Center 
of the Sun and the Place of the Comet 
Where it now is, but where it was at the 
Inſtant. When that Light paſſed by it: And 
therefore the illuminated Point of the Extre- 
mity of the Comet's Atmoſphere, that is, the 
End of its Tail, will not be oppoſite to the 
Sun, but always in a right Line, that paſſes 


- through the Center of the Sun and a Point 


of the Orbit behind the Comet, or whieh it 
has lately left; as will readily appear to 
any one that ſhall duly attend to this Mat- 
ter. And becauſe this is true of every other 
Portion of the Tail, in Proportion to its Diſ- 
tance from the Head, the whole Tail will 
decline from thoſe Parts which ate oppoſite 
to the Sun, towards thoſe which the' Comet 
has lately left. And thus is the aboye-men+» 
l.. tioned 


7 
4 
> 


* 


* 
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tioned Deviation to be accounted for. But it 
muſt not be concealed here, that that very 

ſicceſſive Propagation of Light, which occafions 

#? this Deviation, is capable of augmenting or 

- diminiſhing it in Appearance, or even of en- 
tirely taking it away, according to the Situation 
the Comet is viewed from. For, on account 
of the ſucceſſive Propagation of Light, all 

| | _ diſtant Bodies that are in Motion appear not 


ſo far advanced as they really are; and the faſter. 
they move, and the farther they are from us, 
the greater is the Difference between their real 
and apparent Place. Let us then ſuppoſe, that 
the Extremity of a Comet's Tail is farther from 
the Eye of a Spectator than the Body of the 
Comet, by a Space equal to the Semidia- 
meter of the Earth's Orbit, then will Light 
be ſeven Minutes longer in coming from the 
Extremity of the Tail than from the Head; 
and therefore the Tail will appear to be far- 
ther behind its true Place than tHe . Comet 
does, by a Space equal to that through which 
the Exiremity of the Tail moves in ſeven 
Minutes; and conſequently the apparent De- 
viation in, this Caſe will conſpire with the true 
one, and render it in Appearance proportion- 
ally larger. Again, when the Extremity of 
the Tail is nearet the Earth than the Comet, 
then Light comes quicker from the former 
than from the latter, and therefore the Comet 
appears farther behind its true Place than 528 


* - 
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Extremity of its Tail does, and ſq the true De- 


viation appears the leſs, or not all, according 


as the Caſe may happen. 


The apparent Deviation of Comets Tail 
depends alſo on another Circumſtance, vi. 


the Situation of the Spectator with reſpect to 


the Plane of the Comet's Orbit; for when a 


Spectator is in the Plane of that Orbit, the 


Deviation becomes inſenſible to him, as not be- 
ing able to diſtinguiſh nicely the exact Diſtances 


of the ſeveral Parts of the Tail from his Eye: 
The farther he is removed out of that Plane, 


the more ſenſible it becomes. CASEY 
There is another Particular, via. that the 
Extremities of the Comet's Tail deviate from 


the true 5 more in Proportion than | 
arts, ſo that they are bent into 
a certain Curyature : And farther, that they 


the other 


are more lucid and diſtinct on the convex than 
on the concave Side. All which may be ac- 
counted for, if we allow the heavenly Regions 


the leaſt imaginable Reſiſtance; for in that 
Caſe, the Atmoſphere of a Comet will be fome- 


what denſer on the Side towards which the 
Comet tends; and therefore the Light which 


paſſes on that Side will ſuffer a greater Degree 
of Refraction throughout the x 5 Length of 
its Atmoſphere, or Tail, than ſuch as paſſes 
on the other; and conſequently; that Side of 


the Tail which moves firſt, will be more lucid 
and better defined than the other: And be- 
| 4 | caule 


228 f the Comet. Part IV. 
_ cauſe this Reſiſtance will make the greateſt, Al- ; 
teration in the extreme Parts of the Comet's 


Atmoſphere, the Extremity of the Comet's 
Tail will deviate from the true e more 


in Proportion than thoſe Parts which are nearer 


the Body; fo that the Tail (at leaſt that Side 
of it which moves firſt) will become convex. 
And if the Refraction of thoſe Rays which 

paſs on that Side towards which the Comet 

tends, and on that Account are moſt refracted, 
be ſo great as that they ſhall croſs thoſe which 
paſs on the other Side the Comet, before they 


get out of its Atmoſphere, their Refraction 


being irregular, they will croſs the other diſ- 
perſedly, and in ſeveral Places, which, as is ob- 
vious to conceive, will neceſſarily give that 

other Side of the Tail a concave F orm, and 
ane it imperfectiy defined. 


Thus I have ventured to e in a 5 
Jecture of my own ; but propoſe it rather as a 
Nuery, than a Solution ; leaving it to be farther 
examined into by thoſe who may have had bet- 


ter Opportunities of N themſelves 
3 ith Feen of this Kind. 
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Bodies. 2 . 
H B Basseenes W ths ad 


Places of the Heavenly Bodies, When 
viewed: from the Center of the Earth, and 


when ſeen from the Surface thereof, is called 
their Parallar. To explain this 
Let AB (Fig. 21.) repreſent a Portion of 


the Earth's Surface whoſe Center is C, HV the 
Heavens, and let APN be the Horizon of a 
Spectator at A, and P the Situation of a Planet 
therein. The Place of this Planet among the 


Fixed Stars, as ſeen from the Center of the 
Earth, will be M, which is called its frue 


Place ; but when view'd\ by a Spectator upon 
the Surface of che Earth at A, it appears in 


the Horizon at N, which is called its apparent 
Place; and the Arch MN, which meaſures... 
the Diſtance between the one and the ather, 


is the Parallax of that Planet. If the Planet 


be above the Horizon, as at Q, its true Place, 


15 as ſeen from the Center of the Earth, is R, 


its apparent Place 8, and its Parallax is RS, 


which is leſs than before. From whence we 
| e more the Planet is 2 above the 


nr P 7 i Herten 
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230 ä tbe Papallaxof Part IV. 
Horizon, the leſs its Parallax is; and when i 1 

is directly over the Place of the Spectator, it has 
no Parallax at all; for when it is at T, its 
- berge Place in the Heavens is at V, he 7 

er it be ſeen from C or A. 

Farther, by how much the more remote a 
Planet is from the Earth, ſo much the leſs is 
its Parallax, at the ſame Heights from the Ho— 
rizon. Thus if the Planet had been at the 
Diſtance CD from the Center of the Earth, 
its Parallax, when in the Horizon at D, would 
have been NO; and when in the Line AQ . 
produced, as at E, its Parallax would have 
been meaſured by the Arch SF, both er 
| 250 leſs than the former. | 
The Angles' MPN, and ROS. are called 95 
8 che parallactie Angles, ſuppoſing the Planet 
at Por Q, and are equal, the firſt to the Arch 
MN, and the other to the Arch RS: They 

are alſo equal to the Angle APC, or AQC, 
Which are thoſe under which CA, a Semidia- | 
IF . meter of the Earth; that paſſes through the 

Place of the Spettator, would 20 1 ſeen 
=. * from the Planet. | 


From hence it is obſervable, that the appa- 
rent Place of a Planet is always lower in the - 
Heavens than its real one, except: when the TH 
85 Planet is vertical, or at T. 
8 Aſtronomers, by Means of the 1 „ 
| Parallax * 1 3 that is, the Parallax ws 1 
4 | 


8 of 
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the annual Orbit of the Earth, 4s Sine ; 


above (a), compute the Diſtance of the Planet 


from the Sun, with reſpect to that of the Earth 


from thence; fo by Means of this Parallax, 


they calculate the Diſtance of the Planet from 
the Center of the Earth with reſpect to the 


- Diſtance of the Surface of the Earth from the 3 


ſame (5). 


The Sun is als liable to this Kind of Pa- ; 


rallax; for it is evident that its Place among 
the Fixed Stars, when ſeen from the Surface 


of the Earth, may be different from that in 


which it would appear if ſeen from the 
Center of the Earth. Now could this Paral- 
lax be determined with Accuracy, the exact 
Diſtance of the Sun from the Earth might be 
known, and from thence, by the Method ex- 
plained above (c), that of the other Planets 
from the Sun. But the Sun's Diſtance from 
the Earth is ſo very great, and of Conſe- 
quence its Parallax is ſd very ſmall, that the 
Obſervations neceſſary for determining ĩt cannot 


be made with ſufficient . Aſtrono· 


(a) See Chap. VI. and VII. 
(The Parallaftic Angle APC bein ing known, and the Angle 
VAN, which is meaſured by the Arch of the 3 yo 
and which gives P A C, its Complement to two right ones, be- 
ing taken by Obſervation, we 1 thence have des, the re- 
mainin 2 le of the Triangle APC: From whence the Rela» 
tion Which PC, the Diſtance of the Planet from the Center of 
the Earth, bears to CA, the. Diſtance of the Surface of * 
Earth from its Center, may be 9 WY 
W See Chap. VI, Yah.” PD 
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mers e have Recon rſe to the Parallaxes | 
of Mars and Venus; which, if they could be 
5 found, that of the Sun would alſo be had; 
Hhecauſe the Horizontal Parallaxes of the ED 
venly Bodies, as we have juſt been thewing = 
proporiicuatly leſs as their Diſtance is greater, 
| Now when Mars is oppoſite to the Sun, it is 
above twice as near to us, and accordingly its 
Parallax is above twice as great as that of the 
gun: And Venus, when in its inferior Conjunc- 
tt:on with the Sun, is almoſt four Times nearer 
than the Sun; and therefore its Parallax is ſo 
many Times greater. Aſtronomers find, chat 
the Horizon F Parallax of Mars, when it is in 
50 Oppoſition to the Sun, does not exceed 25 Se- 
 conds, and from thence conclude the Sun's to 
de about 10 Seconds. With which Parallax 
of 10 Seconds if a Calculation be made, the 
Sun's Diſtance will be found about 81 Millions 
of Miles from the Center of the Earth. 
"However, Aſtronomers. "need. "not be. ſoli- 
citous' about the Parallax of Mars, fince Dr. 
Haley has laid down a Method in the Philo- 
WE Je engaged Ti FORT ( . re che Parallax 


| 09 The Theory of the Motions of Penus being norfuficiently 
known when Dr. Halley wrote, it happened that Yenus, in her 
Tranfit of 1767, paſſed over the Sun's Diſk at a much greater 
Diſtance from its Center than he expected, which rendered that 
Tranſit much leſs advantageous for determining the Sun's Pa- 
rallax from, than the Doctor hoped for: however the late Tran- 
fit in 1769, which was well obſerved in many diſtant Parts 3 | 
the Earth, proved even more * or this VU than | 
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of the Sun may be had to ſo great a Nicety, 
that its true Diſtance may be determined from 
it within a gooth Part of the Whole; vis. 
at the next Tranſit of Venus over the Sun's 
Diſk, which will happen on the 26th of May, 
in che Vear 1761; when, at five Minutes be- 
fore Six in the Morning, Venut will appear not 


I above four Minutes of a ger South of the : 
| Middle of the Sun's Diſk. 


Pty, Halley ſuppoſed the Former would be; and from hence the. | 


Sun's Parallax was found to be only 8 4, and con ref," its 
mean Diſtance AF the Earth near * Millions of 
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Of the RefraQion 77 oh 8 
| 0 the Crepuſculum or Twilight. 


E find by Experzeßd that when Light 
enters a tranſparent Medium obliquely, 


either denſer or tarer than that in which it 
was. before, it does not paſs ſtraighton, but its 


2 


. Courſe is bent at the Point where it enters, 


which Bending is called its. Ręfractian; and if 
the Medium into which it enters be denſer 
than the other, the Light is then refracted to- 
wards a Perpendicular to the Surface drawn 
through the Point where it enters; but if the 
Medium be rarer, it is then refraced or bent 


. the 


Ln 
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. | "of the Refraltion® Part 1 


the 3 Way (2). It is from hence that 
a Staff, having one End under Water and the 
other above it, appears bent or broke at the 
Surface of the Water, the Part below the Wa- 

ter appearing above its natural Situation, be- 
cauſe the Light which comes from thence is re- 
fracted or bent downwards at the Surface of the 
Water, where it comes out. Thus alſo the 
Stars near the Horizon appear above their true 
Places, on Account of the Refraction which the 
Light that comes from them ſuffers in 8 
eh the Atmoſphere of the Earth (6). 


„CVVT 


Framed. | 
Let then AB (Fig. 22.) rep reſent the Sur- 
face of the Earth, C its ea, DF a Portion 
of its Atmoſphere, and GI the Sphere of the 


Fixed Stars, and let AH be the Horizon of a2 


Fßpectator at A, and let there be a Fixed Star or 
2 Planet at K; and let KL be a Ray of Light 
- proceeding from thence. Now this Ray paſſing 
out of a Vacuum, or empty Space, into the 
| Earth's Atmoſphere at L, will be refracted to- 
_ wards: the Line L C, that being a Perpendicular 

to the Surface of the Atmoſphere, at the Point 
where the Ray enters. And fince the ſupe- 
rior ed 1s rarer than the inferior, the Ray is 


3 See the Reaſon of this digned, yy 1 — Is of it 
largely explained, Part III. Chap. II. . 
(5) This has been already taken Notice of in Part III. | 
Chap. VII. in the Notes. | | | 

N Con- 
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| continually entering a denſer Medium all the 
Way it goes; and ſo is refracted every Moment 
downwards towards C, as at firſt, which will 
cauſe it to deſcribe a Curve, as LA, and to en- 
ter the Spectator's Eye at A, as if it came from 
E, a Point above L; and ſince an Ohject ap- 
pears always in chat Line in which the Ray 
when it enters the Eye (c), the Star will 
ſeem to be at G, and a x 5 higher than its 
true Place, and Senoticion above the Horizon, 
when its true Place is below it; as in the Caſe 
before us, where its Situation K is ſuppoſed to _ 
be. below the Horizontal Line AH. * 
Thus it has often happen d, that in n 
Eclipſe of the Moon, when it is directly op- 
poſite to the Sun, they have both ne 
above the Horizon at the ſame Time. 
When a Star is in the Zenith, it is liable to 
no Refraction; for then the Light that comes 
from ĩt to a Spectator's Eye, enters the Atmo- 
ſphere in a Direction perpendicular to its ur- 
ce: But the lower the Star is, the more boy 
liquely the Light enters the Atmoſphere ; fo 
that the greateſt Refraction of all is when the 
Star is in the Horizon, and it is then 33 Mi- 
nutes; but when the Star is 30 Degrees or more 
above the Horizon, its Refraction is fo ſmall 
| thatit may be neglected on molt ordinary occaſi · 
| ons, 


( Ses the Reaſon of thing Pre . Chaps. vn. at the Be. 
gianing. | 
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From hence we ſee the Reaſon why the Sun 
And Moon, when near the Horizon, do not ap- 
Pear of a circular Form, as at other Times, but 

pf an oval one, having their longeſt Diameter 
parallel to the Horizon. For their lower Parts 
appear elevated by Refraction more than their 

upper ones, and conſequently nearer together 

chan they ought to do; while their Sides are 
equally elevated, and keep their Juſt prin 


pe from each her. 


It is not with regard to Refraftion,” as in che | 
Parallax * The latter of which, as explained in 
the preceding Chapter, depreſſes the Sun only 
and the Planets, and that according as they are 
more or leſs removed from the Earth; while 
the former elevates all the Heavenly Bodies 
alike, at Whatever Diſtance they” are removed 
| from us. 
_ © Farther, were it not dt the A e, 
which continually reflects the Light of the Sun 
from one Portion of it to another, and thereb 
occaſions ſome of it to enter our Eyes, whic 
Way foever they are turned, and alſo throws it 
upon thoſe Parts of the Bodies about us, which 
are not expoſed to the direct Light of the Sun's. 
Beams, the whole Heavens would appear to- 
- tally dark; and ſuch Bodies, or ſuch Parts of 
©  - Bodies, as the Sun did not directly ſhine upon, 
would be inviſible, and the Stars would a pear | 
at Noon-day. But the Atmoſphere of the Earth _ 
1 ö illuminated by! the Dam 88 the | 
tf | LO es By 
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ſphere is enlightened, and every Thing therein 


is render d viſible; while the fainter Light of 


the Stars, which would otherwiſe W 5 
obſcured, and eclipſed thereby. 


Beſides, though the Sun, immediately before 


it ſets, would in this Caſe ſhine with the ſame 
Brightneſs as at Noon, yet the Moment it was 
ſet, it would be 85 dark. Whereas, by 


Means of the Atmo phere, it happens, that al- 
though none of the Sun's direct Rays can come 


to us after it is ſet, yet we ſtill enjoy its refle&- 


ed Light for ſome Time, and Night approaches 
by Degrees. For after the Sun is hid from our. 
| Eyes, the upper Parts of the Atmoſphere remain 


for ſome Time expoſed to its Rays: and fro 

thence the Whole is illuminated by Reflection. 
But as the Sun grows lower and lower, that 
Portion of the Atmoſphere which is above 
our Horizon becomes leſs enlighten'd, till the 
Sun has got about eighteen Degrees below it, al- 
ter which it ceaſes to be illuminated thereby (a), 


till 


(a) Hence it is, that durin . that Pare of the 8 which ths 
Sun is never above eighteen 


— 


bf the Year, in the Latitude of London, is while the Sun is 1 
from about the fifth Degree of Gemini to the twentieth of Caacer, 
that is, from about the 15th of May to about the 7th of July. 


1 Philoſophers tell us, that the Height of the Earth's At- - 


oſphere may be determined from the Duration of the Tuiligbt. 
e following Manner. Let ABD (Fig: 23.) repreſent the 


Eartk | 
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gun, they are reflected to us, and to other Bo- ; 
dies from all Parts; ſo that the whole Atmo- 


egrees below the Horizon, there is - 
-  acontinued Twilight from Sun-ſettingto$un-rifing. That Part 
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il it has got within as many Degrees of the Eaſt· 5 5 | 
ern Side of the Horizon, at which Time it be 
; | | ny ; : | | 7 3 Zins 1 3 ' | 


Earth ſurrounded by its Atmoſphere at GEF. Through A, the 
Place of a Spectator, draw the Tangent AH, paſſing through the 
Extremity of the Atmoſphere at E, from whence draw the Line 
Es, touching the Surface of the Earth in B, as alſo from the Center 
C, che Lines CA, CE, and CB. Now, ſay they, ſince the Crepuſ- 
culum is owing to the Reflection of the Sun's Rays, by the Parti- 
cles of which 5 Atmoſphere conſiſts, it muſt end at ſuch Time 
6 as Rays of Light coming from the Sun, and paſſing cloſe by the 
| _ © - Surface of the Earth, are reflected from the Top of the Atmo- 
i ſphere to the Spectator's Eye; and therefore knowing how far 
the Sun is below the Horizon at that Time, we may know the 
Height of the Atmoſphere. Thus-let 8 be the Place of the Sun 
1 when the Crepuſculum ends, SE a Ray of Light paſſing cloſe by - 
Sy the Earth at B. and reflected from E (a Particle at the 3 of 
the Atmoſphere) into the horizontal Line EA, to the Eye of the 
Fpectator at A; then will the Angle HE $S be the Meaſure of 
8 . © the Sun's Diſtance below the Horizon, And becauſe EB and EA 
3 are Tangents to the Earth, the Angle ACB at the Center will be 
1 aeequal to HES, or eighteen Degrees; and Half of the former, 
namely ACE, will be nine; from whence El, the Height of the 
Atmoſphere, which is the Exceſs of the Secant E C above the 
Radius CA or CI, is had by Trigonometry. See Keill's Aftronomy, 
Lect. 20. But this Way of arguing is founded on a . re 
that Rays of Light cannot come to a Spectator's Eye after more 


* 


| S than one Reflection in the Atmoſphere ; the contrary to which 
ſſiſieeams evident, as I ſhall ſhewin the following Manner, Let ABD | 1 
3 (F 85 24.) repreſent the Earth, A the Place of a Spectator, HO 5 
his Horizon, MNR the Portion of the Earth's Atmoſphere, and 8 
TVW an Arch of the Heavens; and let 8 he the Place of the „ 
Sun leſs than 18 Degrees below the Horizon; and let the Line 
SAI touching the Earth be drawn. It is well known, that in 
this Caſe fo much of the Heavens as is not intercepted by the 
Earth from the SpeQator's Eye at A, will ſtill appear enlight- 
88 ened; that is, in other Words, Light will flow to the Specta- 
 tor”s Eye from every Part of that Portion of the Atmoſphere that 
lies between P and Q, ſome therefore will come from thoſe 
Particles that lie within the Space PAE. But theſe Particles can- 
not be enlightened by the direct Rays of the Sun; for yo cn 
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| gins to illuminate.the, Atmoſphere again, and 
min Appearance to diffuſe. its Light throughout 
the Heavens, which continues to increaſe till 
the Sun be up. This. Light, whether in the 


perceptible. 


Morning before Sun- riſe, or in the Evenin 


after Sun-ſet, is called the Crepuſculum, or Twi- 
light; and is A to begin and end When 


the leaſt Stars that can be ſeen by the naked 


Eye (viz. thoſe of the ſixth Magnitude) ceaſe 


or begin to appear. 


But as the Twilight depends on the an- . 
tity of Matter in the Atmoſphere fit to reflect 
the Sun's Rays, and alſo on the Height of it, 


(for the higher the Atmoſphere is, the longer it 
will be before the upper Parts of it will ceaſe 
to be illuminated) the Duration of it will be 


various: For Inſtance, in Winter, when the 


Air is condenſed with Cold, and the Atmoſphere, 


upon that Account, lower, the Twilight will be 


ſhorter; and in Summer, when the Limits of 


the Atmoſphere are extended by the Rarefac- 
tion and Dilatation of the Air of which it con- 


1 


ceſſarily paſs above the Line AE, theſe therefore themſelves are 


illuminated by reflected Light. Since then theſe afford Light, 
and nearly as much as any of the reſt, it is evident, that Rays 
may come to a Spectator's Eye, and in great Plenty, after hav- 
ing ſuffered two Reflections. And therefore that Demonſtra - 
tion which is built upon a Suppoſition that ſuch Rays can ſuf- 
fer but one, muſt fall to the Ground. This Determination ſeems 


| alſo to be defective on another Account; for it is highly proba- 


ble, that the upper Parts of the Earth's Atmoſphere are much 
too rare to reflect the Sun's Rays in ſufficient Numbers to be 
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its, the Duration of the Twilight wilt be 
greater. | | 
ing Twilights, the Air being at that Time con- 


And for the like Reaſon the Morn- 


denſed and contracted by the Cold of the pre- 
ceding Night, will be ſhorter than the Even- 


ing ones, when the Air is more dilated and . 


expandec. | „„ 
Another Effect that the Atmoſphere has up- 
on the Rays of the Sun is, that it intercepts a 


cConſiderable Part of them in their Progreſs 
through it. By which Means it happens, that 
when the Sun is near the Horizon, it appears 


leſs luminous and bright than when it is more 


elevated; for the nearer the Sun is to the Ho- 


rizon, the greater is the Portion of the Atmo- 


ſphere through which the Rays of the Sun 


muſt paſs to come to a Spectator's Eye. For 
Inſtance, in Fig. 23. where ABD repreſents 


the Earth furrounded its Atmoſphere GEF, 
and A the Place of a Spectator; it is obvious, 


that when the Sun is in, or near the Horizon, 
ſuppoſe at H, its Rays muſt paſs through a 
greater Portion of the Atmoſphere to come to 
the Spectator's Eye at A, than they would do 


if the Sun were fituated in any Part of the 
Heavens above the ſaid Point. 
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E * Doctrine of che Shire. 26S ho Y 

5M HE Subject of this Chapter re- be 
| lates chiefly to the Explanation h 
of tl t Circles which Aſtronomers, for : - 
the better diſtinguiſhing the Places and 3 
Motions of the ee * Bodies, con- 2 


ceive to be. deſcribed within the Sphere 

of the Heavens. g e . 

already been defined; but that the. 

Reader may have a compleat View af 

their Definitions all together, I ſhall Drs 
. repeat. them e in . Fe S372 


Outs» 1 by ——_ 


"Theſe fo an et of two Kinds, vie, 55 
the greater and the ſinaller. | 
A great Circle is that which divides deren 3 
the Sphere into two equal Parts, an ä 
the ſame Center there wit. ; 
A leſs Circle divides-the Sphere into. a leſs 
unequal Parts, having a different Cen- Circle. 
| tet from that of the Sphere, «rf 44) 
Theſe are ſometimes called patallel Paralle! 
Circles, and receive their Denomina- Cireles. 
tions from ſome great Circle to which 
they are parallel. Thus, leſſer Circles 
Vor. It | * (25Y .run- 
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O the Doctrine Part IV. 
running parallel to the Equator, ate 


called arallels of the * z and fo 
of the reſt. 


- ThePoles The Poles of a Circle are two Points 


of aCir- in the Surface of the Sphere, every 
Way equally diſtant from that Circle. _ 
AS of 5 The Axis of a Circle is an imagi 
Circle. Line ſuppoſed to paſs through both its 
Poles : Or, that paſſes through its Cen- | 
- ter, and is perpendicular to its Plane. 


| Seconda- The Secondaries of a Circle are ſack. 
3 Gs 4.“ "as paſs through both its Poles. Theſe 


therefore wud” it at right Angles in two 
Points oppoſite to each other, and are 
therefore aways great Circles. 


The Circles of the e 8 are oY | 
diſtinguiſhed into fixed and moveable. - 


9 pred A fixed Circle is that whoſe Situation 
Circle. depends not upon that of the SpeQator. 
A move- A moveable Circle is that whoſe Si- 


able Cir- tuation depends on that of the Spec 

l Of the former Sort are 8 Eeliptic | 
and the Equator, with their end- 
ries and Parallels. 

> 3 the latter are the Horizon; with 

y 3 ohoonagal * SY 
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2 I. of the „ Ecliptic, an wot Particulars 
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ngen Ae to it. 
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The erde is Pot Ciccle which the The B. ; 


Plane of the Earth's Orbit would mark liptie. 
out, were it ſuppoſed to be extended to 

the Heavens. This therefore is that 
which the Sun ſeems to ee in its 
annual Courſe. 

The Axis of the Ecliptic i. is à right The Axis 
Line ſuppoſed to paſs through the Cen- 1 
ter of the Sun, and to be perpendiculat eas 
to the Plane of the Ecliptic and the 
Points in the Heavens, to which this 
Axis points, are called the Poles there- Ins Pole: 
of; and great Circles' paſſing through 
theſe Poles, will be perpendicular to the 
Ecliptic, and are therefore called its 


Secondaries, and ſometimes. Circles of $econaa- . 


Longitude. By Means of theſe the Ecliptic. 
Place of any Star is referred to the 3 - 
Ecliptic, and its Longitude and La- 
titude eſtimated. For the Longitude 1 
of a Star is an Arch of the Ecliptic, ade of a 
intercepted between. the firſt Point of r. 
Aries, and that where one of theſe Se- 
condaries that paſſes through the Star | 
cuts the Ecliptic. And the Latitude of Latitude 


£ Q 2 Starr 


1 


—— — — 
— * 0 * 
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a Star is the Arch of the ſame Second- 
_ ary, intercepted between. the Star and 
the Eeliptic. Upon this Account all 
Circles conceived to be drawn parallel 
to the Ecliptic, that is, Parallels of the 
Parallels Ecliptic, are ſometimes called Parallels 
1 of Latitude. The Latitude of a Star 
zs either Northern or Southern, as the 
Star is placed on this or that Side of the 
ELL. Ecliptic. 5 
Dar hy. ata par rs is idee The 55 
f equal Parts, called Signs. 5 
N 25 that Point which wb 800 
bde in at the Vernal Equine, aud bd 
reckoned from Weſt to. Eaſt. The 
Names of the ſaid Signs, together with 
the Characters whereby they are com- 
15 monly expreſſed, are le that follow: 


Aries, T Gade. Cadet, Li virgo,” 
WM. 8 I 6K Mm 

Th | Lira ur mugs cog bogs 
2. The feſt fix'of theſe are called: the 

Northern Sigus, as poſſeſſing that Half 
Hof the Ecliptic which lies neareſt the 
North Pole of the Earth; the latter, 
the Southern, as being in that which 
is neareſt the South Pole. The Sun is 
aways een in ſome Part of 1 Circle; 


55 | 


b. Names; as was obſerved above, from 


| Chap.XIV. of 8 
but the Planets, by Reaſon of the In- 


dlination of the Plane of their Orbits to 


245 


that of the Ecliptic, appears ſometimes * 


above it, and ſometimes below it, but 
never deviate from it above ſeven or 
0 A Side : So that if 
we. imagine 2 Space ſurrounding the 
Heavens fixteen egrees in. Breadth, 
and extended equally aboye and below 
the Ecliptic, this will include all their 


_ .  Ecliptics, if I may ſo fay; that is, all 
hag Nag huge a would appear to move 


in when ſeen 


m the Sun, and 1 18 call- 
ed the Zodiac. 


The Signs of the Ecliptic took their 


twelve Conſtellations, ſituated in the 
Heavens near thoſe Places. But it muſt 


de remembered, that the Signs are dif- 


ferent from the Conſtellations which 


bear the ſame Name. For the Siga 
Aries, for Inſtance, is not in the ſame 


Part of the Heavens with the Conſtel- © 


lation Aries, The Sign Aries is only 


thirty Degrees of the Ecliptic, counted 


9 one of the Equinoctial Points; 
whereas the Confte/lation of that Name 


js a Byſtem of Stars, the greater Part of 


which are now ſituated between the firſt 


and laſt Degree of Taurus, And ſoof the 
Q other 
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1 


J 
* 


The 
nn Surface of the Eart 


"44 


oy in its Surface, where its Axis paſſes 


ther Signs. Theſe Conſtellations were, 
in the Tafancy of Aſtronomy, ſituated 
within the Sens which now bear their 
Names; but by a flow retrograde Mo- 
tion of the Equinoctial Points, called the _ 
Precgſton of the Equinoxes, as explained 
above (a), the Conſtellation Artes has 
5 into the Sign Taurus, and that of 
6 


fs. into Jo Abr Aries ; ; Fol ſo of 5 
a 8 5 the reſt. len © NE 


a 4 x 
-” — 
by Sus hs 
= * 


u.. of the Air, e 18 Partica- | 
. Jars relating to 1. EINE 


ET The Aris of the Earth 1 isa rig icht 1 


— ſuppoſed to paſs through its "Center, 


about which its nde Rotation i 18 mou 
formed. 


The Poles of theEarth are * Points hy 


. 


j 
Pas-, 


Weough; the one dhe North. thecothet 
de South Pele. 


3 ales The Poles of the Heavens are two 

ho exvent; Points therein, where the Axis of the 

2 | gs if de yeuld pod through 
em. 


The E vator is a 2 Cirche on the 


from either Pole thereof. . This is by 
ariners called ine e by 


6.0) See 3 | 
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equally diſtant 
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A Secondary of the Equator Meridian. 
through any particular Place — „ 
Surface of the Earth, is called the .-. 
ridian f that Place. S 

And as the Longitude and Latitude 
of the heavenly. Bodies are determined _ 4 
by the Ecliptic and its Secondaries; fo + | of 
by the Equator and its. Secondaries,, © _ 
Places upon the Earth's Surface are diſ- 
tinguiſhed as to their Longitude and | 
Latitude, r YR — , | RET „ 

The Longitude of a Place js then an TheLon- 79 

Arch of the Equator, intercepted he- ie 
tween the firſt Meridian (5) and that 
| which paſſes through the Place. 2 | 


5) By the firſt Meridian is meant that which paſſes 

rough ſome remarkable and well known Place, 
3 — 3 upon to eſtimate the Longi- 
tude of other Places from: The ancient Geographers - 
called that the firſt Meridian which paſſed through the 
moſt Weſtern Part of the then known World; and 4 | 
reckoned-the Longitude Eaſtward from thence, And 
as they looked upon the World to be longer from Weſt 
to Eaſt than from North to South, they gave the 80 
Name of Longitade to the longer Dimenſion, and 
that of Latitude to the ſhorter. But when it was 
diſcovered that theEarth was round, and conſequently 

at there was no extreme Point of Longitude, Geo- 
graphers began to neglect this Method, and every one 
choſe a aun Meridian according to his Fancy and In- 
clination. Thus, an Egli Geographer ſhall tell 

ou the firſt Meridian ew through London; a 

rn that it paſſes through Paris, &c. ; = 
1585 097 ey n 


* 13 : _ * = 6 N * * 6 


Thebati- The Lud of a * is an YA 


tial. 


Cots age of the Meridian, intercepted' between 


the Place and. the Equator; and is ei- 
ther Northern or Southern, as the Place 
les on this or that Side of the Equ ator. 
The The Equinoctial and the Equator are 
* different, the former being a Cirele in 
the Heavens, which the latter would 
mark out if ſuppoſed to de een 
92 thither. oc ton * 
North- The uinoctialdivides che Heavens, 
emand as the Equator does che Earth, into two 
Hemi. equal Portions, called the Northern and | 
ſpheres. Southern Hemiſpheres. 5 
RightAſ- And as by t — of as 
3 Equator, Places upon the Earth are re- 
clidation. — 5 — to the Equator; ſo by theſe of 
tze Equinoctial, the Places of the Hea- 
venly Bodies are referred to the Equi- 
noRial, But as an Arch of the Equa- | 


1 5 intercepted between the firſt Me- 


. "00 and that which paſſes through 
Y Place, is the Longitude of that 
"7 ; an Arch of the Equinoctial, in- 
- tercepted between the firſt Point of 
Aries and that where 1 it is cut by a Se 


This arbitr Way of reckoning he Longitude 
from different Places makes it neceſſary, enever 


| Mention is made of the Longitude of any Place, to 
mention ra the Place from whence that Longitude 


1s * 
condary 


he, 


Chap. XIV. of the Sphere, 
condaxy of the Equinoctial that paſſes - 
thro the ſaĩd Body, is called its Right 

Aſcenſion. And an Arch of the ſame Se- 
condary, intercepted between the fame 
Body and the Equinoctial, is called its 
Dectination, which is alſo either North- Peclina- 
ern or Southern, as it happens to be * 
the one or the other Hemiſphere. 

From hence the Secondaries of the Circles of 


The Equinoctial Points are thoſe Equinoc- 


Were the Equator cuts the Ecliptic: Salad, 


Solſtitia 


_ - and are ſo called, becauſe when the Sun Points, 


js in theſe Points, it is alſo in the Equa- 
tor, and therefore makes the Days and 
Nights: of an equal Length all the 
World over. The Solftitial Points are 
thoſe Points in the Ecliptic where the 


Equator is moſt diſtant from it; and 


are fo called, becauſe when the Sun is 
in them, it can ſcarce be perceived to 
alter its Diſtance from the Equator for 
ſome Time. | 
| There are two of thi Secondaries of 
che Equinoctial more remarkable than 
the "ſt called the Colures; the one 
paſſes through the Equinoctial Points, 
and is called the Equinoctial Colure; 
the other is placed at right Angles with 
this, and paſſes through you the "_ 
0 


. 
= * * % 
1 


2 Equinoctial are ſometimes called Circles — 2 
of Aſcenfion and Declination. dlination, 


— 


250 | 
of the Equator and of the Ecliptic too, 


: Tropics . 
2 Cir olar are more remarkable than the reſt, and | 


The Tro 
Pics. 


the Heavens to revolve as they appear 
to do) will ſucceed into the Place of a 


Of. the Doctrine Part IV. 


and. is called the Solſtitial Colure. 
Secondaries of the Equinoctial drawn 


through cach 15th Degree thereof, will, 
divide it into 24 Parts; each of which, 
-  fince the Earth revolves once round its 
Axis in 24 Hours, will anſwer to one 


Hour; that is, each of them (ſuppoſing 


foregoing one in the Space of one Hour; 


and are for that Reaſon called Hout 
Circles. And the Inhabitants of any. - 
Part of the Earth, whoſe Meridian coin- 


cides with any one of theſe, will differ 


in their reckoning of Time one Hour 


from thoſe whoſe Meridian i is coincident 
with the next; and ſo on. * 
Of the Parallels of the Ec uator, 9 


diſtinguiſhed by particular Names, viz, 
a Tropics and Polar Circles. | 


The Tropics are thoſe Circles which 25 
5 © Sun, in its greateſt Declination, ſeems 


to deſcribe by its diurnal Motion; and 


are therefore ſo far removed from the 
Equator, the one on the one Side, and 
the other on the other, as is the Inclina- : 
tion of the Equator tothe Ecliptic, viz. | 
Degrees and an Half. They are call- 
& FT WOY! becauſe when the Sun ar- 
nes 


Chap. XIV. of the Sphere. 2832 
4 rives at either of them, it returns back . 

again towards the Equator... 

That which lies in the Northern He- Tropicof 
miſphere i is called the Tropic of Cancer, and Tio | 
becauſe it touches the Ecliptic in the pie of ca- 
firſt Degree of that Sign. The other, a | 
' { the Tropic of 2 4% ons for A liks, - 8 
Reaſon. 


— CE 


The Polar Circles are - thoſe which the ThePolaxg 

Poles of the Ecliptic ſeem-to deſcribe © 
by the diurnal Motion of the Earthz _ - 
and are therefore each of them at the 
ſame Diſtance from the Poles of the 
Earth, that the Tropics are from the 
Equator. That which lies in the 
Northern Hemiſphere is called the Arc- Araie 
tie Circle, from Arctus, the Bear, a e 
Conſtellation near that Place; the other Circle. 
being in Poſition oppoſite to this, is : 
called the Antarctic Circle.;,. For the 
ſame Reaſon the North Pole of the 
Earth is ſotnetimes called the Arcbio Ar, 
\ Pole, the other the Antarctic. _— 
By Means of the Tropic and Polar Poles, 
Circles (or rather by certain imaginary 

Circles upon the Surface of the Eartn 
correſponding to them, and called by 
the e Names) the Surface of the 
I Earth' is divided into five Parts, called 

Zones. The one of which is called the 
| 9 Zone, and is that Space or Tract Torrid 

| . of Zone. 


5 1 in the torrid Zone are called A 
Phiſcii. 


os | Of the Doduine | Ply; 


of the Earth which is comprehended 
between the two Fr 


to be uninhabitable, on Account of 
the Heat of the Sun there. There are 
Frigid two frigid Zones, the one is that Portion 


Zones. of the Barth's Surface which is included 


 withinthe Arctic Circle, the other with - 


in the Antarctic. The remaining two 


Tei are the temperate ones, lying one on 
2 3 one Side the Equator, and the other 


on the other, between Were, a . 
the torrid one. 

The Inhabitants of theſe Zones arc 

diſti nguiſhed by the different Direction 

of their Shadows. Thus. they that 5 


becauſe their Noon Shadows are ca 
ſometimes towards the North, and 
ſometimes. towards the South, accord- 
ing as the Sun at Noon is to the North- 
ward or the South ward of them. But 
when the Sun paſſes directly over their 
Heads at Noon, they caſt their Shae - 
dow neither the one Way nor OT; | 


The Af and are called Aſcii. 


8 The Inhabitants of the tem t 


be He- Tones are called Heteroſcii, 1 > 


IL they never caſt their Meridian Shadow 
but one Way. Such as inhabit the fri- 


* 8d Zones are called Pexiſcii, — 
by ; 


e The An- 
Tients imagined this Trac of the Earth 
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by Reaſon that the Sun is . 
above their Hormon for a Day or more 
without ſetting, their Shadows turn 
ite round them. | 
The Inbabirante of the Earth Yawo | 
alſo been diſtingurſhed i into three ar _ 
- _ regard to their Situation with. re- 
ſpect to each other. They who live 
under the 9 Points of the ſame 
Parallel of the Equator, are called, with 


reſpect to each other, Perici. | Periceci. | 


\.. Theſe have the ſame Seaſons of the 

Years but it is Midnight to the one, 

When #48: Noon or Mid-day to Ws -- 

other. Others are called Antceci, as Anteeci, 
lving _—_ m ſame Semimeridian, 
but in o "ou arallels; Theſe have 
Day and Night at the ſame Time, but 
different Seaſons; it being Summer with 
one when. it is Winter with the other, 
Others are Antipodes, with reſpect to Anti. 
each other, that is, they live in oppoſite pod ”_ 


Parallels, and alſo in oppoſite Semime- 


ridians ; ſo that they are on the oppoſite 
Points of the Globe; and therefore 
have both their Day sand Nights, and 
their Seaſons of the Year reverſed, the 
one with reſpes to the other. 5 


3 
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of the Dofrine Part: 


| mW. 0 the e is B 
lars relating 10 it. 1 4 14 52 


The Horizon! is a Circle in the nes 
vens, whoſe Plane touches the wi | 
of the Earth, in the Place of the S 
tator. This Cirele ſepatates that wt 
of the Heavens which is viſible from 
that Which is not; and is called the 
10 He. ſenſible Horizon, in Contradiſtinction to 
rizon. another Circle parallel to this, whoſe 
LE Plane paſſes through the Center of the 
The he. m_— arid is called the rational Horr- 
rinon. The Diſtance between theſe 
pion two Circles. is fo ſmall with reſpe& to 
that of the Fixed Stars, that it is vfvally 
neglected, and the c ircles are ſu 1 er i 
to coincide. 

The Poles of the Horwon are two 
Points, the one of which is exactly over 
__ +... .. the Head of the Spectator, and is called 

Zenith. the Zenith; the other directly under 
Nadir. his Feet, and is called the Nadir. 

I be Secondaries of the Horizon paſs 
trough the Zenith and Nadir and are 
| Yerteat Called Vertical Cireles or Auimuths: 
Circles, Its Parallels, Almicantarah, * com- 4 


* monly Almicantars (c). 


(e) Theſe are Terms introduced into Abe by 
the ont Arabjan as and ill . ON 
* 5 


* TS , 


Chap. XIV. of the Sphere. 
Among the vertical Citeles of the 


Horizon there are two more remark- 


able ones, vis. the Meridian, and the Meridian - 


being Vertical, (for the Meridian of 
any Place is a Secondary of the Horizon 
of that Place, as well as of the Equator.) 


andprime 
Vertical. 


The Meridian, as obſerved © above, 


paſſes through the Zenith and the Poles Ro. 


of the Equator, This cuts the Horizon 


in two. Places, which are called the 
North and South Points thereof. The 
prime Vertical. cuts the Meridian at 


right Angles in the Zenith and Nadir, W 


and by interſecting the Horizon, marks 


out the Eaſt and Weſt Points; and 


therefore theſe two Cireles cut the a. 


ron into four Quarters, each of which 


is ſuppoſed to be divided: into eight : the 


Whole therefore into thirty-two, which 


arecalled the Points of the Compaſs, of pela 
which the four firſt mentioned, vig. he 8 


Eaſt, Weſt, North, and South, are calls 
by Way of Eminence, the Cardinal 
Points. © 10 eee 
The Altitude of a star is an Arch of 
a Vertical Circle that paſſes through it, ,; 
intercepted between the Star and the 
Horizon. If the Star be below the Ho- 
rizon, it is then called its Depreffion, 


When a Star is upon the Meridian of Calmina· 


any Place, it is ſaid to culminate, or to 
* in its Meridian e 


; The 
* * 
k . a 
% 


Cardinal 


Points, 


pa 4" 
d De- 


preſſion 


57 Aa Star. 


Ns 


tion of a 
Star. 
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The Azi- The Azimuth of a Star is an Arch 


muth of a 


. Sur, of the Horizon, intercepted between 


the North or South Point N _m | 
the Vertical that paſſes throu 5 
Star; and is either Eaſtern or 75 Yang 


according to the Situation of the Star. 255 


The a The Amplitude of a Star is an Arch 
Ar. of of the — intercepted between 


that Point where the Star riſes or ſets, 
and the Eaſt or Weſt Point of the Ho- 
rizon; and is either Northern or Souths 


1 „ern. If the Amplitude be taken from 
; ng. the riſing of BY Star, it is then called 


ting Am- its rifing Am plitude ; ; if from the Place 


 phitude. here its He] its ſetting Amplitude. 


That Point of the Ecliptic through 
which the Meridian of any Place paſles, 


N The is called the Mid- heaven. And that 
455 ns. Point of the Ecliptic which is diſtant a 


Quarter of a Circle from the Points 
here it cuts the Horizon, 1s called 2 
Ninetieth Njnetieth Degree. 


Degree. The Height of the. Pole 1 the | 


The mae Horizon is called its Elevation. 
vation of 


| the Pole. this is equal to the Latitude of the 

| Place:; for either of them being added 

to the Diſtance between the Zenith and 
.the Pole, makes I a * of the 


14 * En. 
The 


bre hence ariſes the Method of meaſur 2 


Circle Ws 


* 


— 


cap. XIV.. ae Sphere. 


are ſaid to live in. Thus, ſuch as live 
under the Equator, have their Horizon 
paſſing through both the Poles of the 
| Earth, and cutting the Equator and all 
its Parallels at right Angles, and from 


0 * 
< The Inhabitants" of the Earth are . 
again diſtinguiſhed by the Sphere they 


thence are ſaid to live in a right Sphere. 11 i 


The Propriety of which Sphere is this, P 
that the Days and Nights are of an equal 
Length all the Vear long, and the Stay : 


1. 


. Which any of the Heavenly Bodies make 


Sircumference of the Earth. © For let two Places be 
pitched upon, lying North and South of each other, 
© ſuch that the Elevation of the Pole in one ſhall exceed 
its Elevation in the other by one Degree ſuppoſe, then 
meaſure the Diſtance between the two Places in Miles: 
Then as one Degree is to the Circumference of a Circle, 

5 360 Degrees, ſo is that Number of Miles to the 
Eildenberence of the Earth. By this Means the Cir- 
cumferenice of the Earth is found ſuch, thatthe Length 
of one Degree therein is equal to 69 Engi Miles: 

This Meaſure was firſt found ont by our Countryman 

Norwood, and afterwards attempted by the French Ma- 

thematicians, who twice applied themſelves to it by 

Ba King's Command, and diſcovered almoſt the ſame 

eaſure that Norwood had done before. They took 
the Lengthof a paved Cauſey of near ſeven Miles, that 
lies. between Jews Village and Inuiſium in Picardy, by 
actual Menſuration; and then by aSurvey from thence 
with the moſt accurate Inſtruments, they took theDiſ- 
tance between Malci vin and Surdon, which he almoſtin 
a ſtraight Line from North to South; in both which 
Places they took the Height of the Pole, and from 
. thence: computed the Circumference of the Globe, 
The Mathematicians ſet over this Work were Mon- 
ſieur Picard the firſt Time, and Monſieur Caſſini the 
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ſon is; that all the Parallels of the 


8 2 de 


aboye the Horizon is HOW to that 
which they make below it. The Rea- 


Equator, in which the Heavenly Bodies 


Oblique 


unleſs they be in the Equator, make 


ſeem to perform their diurnal Revolu- 
tion, are cut into two. IE Paris by 
the Horizon. * 
Such as live between the E vater, 
and either Pole, have their Horizon 
eroſſing the Equator and all its Paral- 
lels, lefs or more obliquely, as they live 
leſs or more diſtant from the Equator. 
a theſe are ſaid to live in an ob- 
1 , and have all the Parallels ry 
of the Equator cut into unequal Parts 
by their. 5 88 ſo. that neither the 
Sun nor any of the Heavenly Bodies, 


an equal Stay above and below.zheie 
- Horizon.” | 


To. thoſe who live at the Poles 45 25 


Earth, if any ſuch there be, the Equa- 


Parallel. 
8 OE 


tor is parallel to, or rather coincident 


with the Horizon, and-all its Parallels | 


are parallel to it; from whence this is 

called a Parallel Sphere., The Property . 
of this Sphere is, that it is Day for Half 
the Year together, and Night for the 
other Half. For the Equator and Ho- 
rizon being parallel, fo long as the Sun 
continues on the * * * 


ww & -* cc 
* A 


: Ship XIV. {abi 
ſo long ad ix; Gin be ated | 
Side the Horizon, and conſequently ſo 


long is it Day at one of the Poles, Lad 
Night at the other. And the Fired 
Stars do not riſe or ſet in this 8 

becauſe they do not remove their Jaces 
from one Side. of the Equator, to the- 


other, as the Sun and Planets. are ob- 


ſerved to do. 
It is obvious, that in a right sphere, 


the ſame Point of the E quator which 


comes to the Horizon with any Star, 


will alſo come to the Meridian with 
the ſame; becauſe in this Sphere both 


the Horizon and the Meridian become 


Secondaries of the Equator. Now an 
Arch of the Equator intercepted bo- 


tween this Point and the firſt of Aries, 


is ealled the right Aſcenſion: of a Star. * RightAG 
But in an oblique Sphere, ſome other gent 
Point different from that which comes 


a Star, 


to the Meridian with it, will riſe with 


It, - becauſe of the Obliquity of the 
Horizon to the Secondaries of the 
Equator, And the Diſtance between 


that Point and the firſt of Aries, is | 
called the oblique Aſcenſion of a ne, Oblique 


And the Difference between its right and gon 
_ eblique Aſcenſion is termed ts Aſcen- * 


eee F 


feronce, 


EIT Ss 4 


= * 
—_— — —— 9 * 


l . ſy = 
_—_” 
F 8 


. ns 


| 460. - Of the Dodrine Part IV. 


In an oblique Sphere there is a Pa- 
"rallel of the "Equator, fo far diſtant 
from the Pole as is its Elevation above 
the Horizon, the Stars that are compre- 
hended within which, ſeem to revolve 

about the Pole without ever riſing or 


Circle of ſetting. This is called the Circle of 
1 perpetual Apparition. There is another 


Appari- 


tion. oppoſite to this, and at the ſame Dif- 


tance from the other Pole, called the 
Circle of Circle of perpetual Occultation; be- 


; | um cauſe the Stars that are included therein 
tion. never appear above the Horizon. 


The ancient Geographers were wont 
to diſtinguiſh the different Regions of 


Parallels the Earth by Parallels and Climates, in 


an 


" 2 - 


- 
2 2 


mates, ſuch Manner, that in going from one 


Parallel to another, the Days at the 
Summer Solſtice ſhould be increaſed a 
Quarter of an Hour. So that ſuppoſing 
the Equator to be the firſt Parallel, 
under which the Days are always 12 
Hours long, the next ſhould be where 
the longeſt Day of the Year ſhould be 
'12 Hours and a Quarter long, &c. And 
two ſuch Parallels made one Climate, 
un we come to the Polar Circles. And 
from thence to the Poles they reckoned 
the Climate ſuch, that the Stay of the 
Sun above the Horizon was a whole 


Month 


% | 
. 
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Chap. xlv. of the Sphere - 


Month different in one from what * 
was in the next contiguous one. 
As the Year of the Ancients was not 
| Pe adapted to the annual Motion 
of the Sun, as we ſhall ſee hereafter, it 
happened that the Seaſons did not al- 
Ways 5 on the ſame Part of their Vear, 
ſo that it was not accurate to denote the 
Time of the Vear by the Day of the 
Month. It was therefore uſual with 
them to diſtinguiſh the Seaſons by the 


Coſmical, Achronical, and Heliacal riſ- The Poe- 

ing and ſetting of the Stars. And be- feat: 

cCauſe we meet with theſe Diſtinctions N * 
moſt frequently among the Poets, they theStars, 


are called the Poetical Rilings and Set- 
tings of the Stars, 

A Star is ſaid to riſe or ſet coſmically, 
when it riſes or ſets at Sun-rifing: And 
when it riſes or ſets at Sun-ſetting, it-is 
faid to riſe or ſet achronically. A Star 
- riſes heliacally, when it emerges out of 
the Sun's Rays, and is got ſo far from 
it as to become viſible: And it is faid 
to ſet heliacally, when it firſt immer- 

ges into the Rays, ang becomes invi⸗ 


| üble (e). 


(e) Kepler will bn it, that theſe Words are to he 
taken in another Senſe, ſo as that to riſe or ſet colmi- 
cally ſhall fignify the ſame as to aſcend above, or de- 
ſcend below the Horizon; but that to riſe or ſet 
e is the ſame as toriſe or ſet in the Sun's 


R3 KY Oppo⸗ 


Xs 


ts. 03 ln the echor dhctors, op Zotremp of $6 
ght: In which Senſe Prolemy, and to this Day 
moſt Aſtronomers ſay,- a * N is achfonical, when 
it -is oppoſite to the Sun, and ſhines all Night's ſo 
- that to riſe achronicall y is, as above, the ſame as to 
riſe when the Sun is ferring; but to ſet man 
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FR Deſepiicn ve Ti b Om 
1 and the Globes. " 


15 uE — is 2 n deſigned: to 

| repreſerit at one View the real Mo- 
* of the Heavenly Bodies. In order to 
this, in the Middle of, a large Circle defigned 
to. repreſent the Ecliptic, is fixed a Globe re- 

reſenting the Sun. Next to, the Sun a ſmall 


all repreſenting Mercury. Next to this is 


Venus Tepreſented by a larger. At a greater 
* Diſtance till from the Sun, is the Earth repre- 


ſented by an Ivory Ball, Round the Earth, 


at ſome Diſtance. from it, is a Ring to expreſs 
the Orbit -of the Moon, making an. Angle 

with the Circle that repreſents the Ecliptic, * 
and thereby 8 the Inclination they have 
to each ther in t 

Line of the Nodes. Within this Ring is a 

ſmall Ivory Ball repreſenting the Moon, and 

having a black Cap or Caſe, which always 


Heavens, and. alſo the — 


covers that PIN which is turned from : 


the Sun; and thereby diſtinguiſheth the en- 


üghtened Part from the dark one. Beyond 


theſe is ſeen Mars, then 8 and its Fun 

Moons, and outermoſt of all is . with 

its ERP and five Moons, 
. All - 


3 264 The Deſeription and Uſe Part IV. 
All theſe are fixed upon ſmall Stems which 
; - ſeverally repreſent their, Axes, each of which 


| has its peculiar and proper Inclination to-the 
Plane of that Circle which we ſaid was to re- 


935 preſent the Ecliptic: And when the Machine is 78 


put in Motion, all theſe Bodies move round that 
which repreſents the Sun, and at the ſame Time 
both that and all thoſe which repreſent ſuch of 
the Planets as have been obſerved to have a 
Rotation about their Axes, turn round upon the 
ſaid Stems, and in their proper Times. The 
Moons alſo revolve about their Primaries at the 
ſame Time, and the Ring that repreſents the Or- 
bit of the Moon has likewiſe its proper PR 
| whereby that of its Nodes is allo expreſſed. 
| Thel Bodies are all kept in Motion by . 
Wheel -work concealed in a Caſe underneath, 
and turned by a ſmall Winch in the Side of the 
Caſe; one Turn anſwering to a Revolution of 
the Ball which eee the Earth, about 
its Axis; and conſequently to 24 Hours of 
Time. 80 that 27 Turns cauſes the Sun to 
turn once about its Axis, 365 carries tlie Earth 
about the Sun, 27 the Moon about the Earth, 
Sc. So: that not only the Motion of the Hea- 
venly Bodies may be repreſented, but their 
Situations with reſpect to each other may be 
ſhewn for any Time, either paſt or to come (a); 


0 This and the next Paragraph muſt be underſtood in 
fm Limitation,” Machines of this Kind being ſufficiently 
adapted to common Uſe ; though not accurate enough for this + 

$ rpoſe; none of the Machines of this Kind which have yet 

been made, bring lo contriveg a: as 40 mew this with Accuracy. 


8 * 
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1 | nn * * 
by giving the Winch a proper Number of 
Turns backwards or forwards as the Caſe re- 
. | ures: A 03 8 3 2 5 4 AI 5 
There is uſually alſo a, Lamp in a Caſe, 3 
with one or more convex Glaſſes in the Side + 
of it, to throw a ſtrong Light directly for- 
| wards; this Lamp being put in the Place f ; 
the Sun, and that Side of the Caſe which has 
the Glaſs in it directed towards the Earth, the 3 
Lamp being alſo contrived to turn according to 
the Motion of the Earth, a ſtrong Light is 
thereby continually thrown upon the Earth - . 
and the Moon, wherever they are, and ſo nat 
only the Times in which the Eclipſes of the 
Sun and Moon, that is, properly, of the Earth 
and Moon, will happen, are ſhewn, but they 

themſelyes are duly repreſented (a). 0 8 

; a) Artificers generally ere& upon | Ecliptie ſome Semi. | 
circles, to repreſent ſome of the princi Ache of the ee 8 
But this is wrong, and tends to Confuſion; becauſe theſe Circles 
being only imaginary, and 3 from the apparent Motions of 
the Heavenly Bodies, ought to have no Place in the Orrery 7 * 
Which, as it expreſſes their real Motions, ſerves to explain, yet 

is by no Means intended to repreſent their Phenomena; the Phaze - 

nomena and real Motions being in ſeveral Caſes directly con- 

, trary to one another. To be particular, they have in ſome 
affixed the Extremities of a Semicircle,” whick they call a 
moveable Horizon by two Hinges to the Ecliptic, at the firſt 
oy . of Aries and Libra; this is as if all Horizons neceſſarily 
paſted through theſe Points, which is impoſſible, becauſe there 
are as many Horizons as Points upon the Earth. 80 that the 
putting on this Circle is not only an Impropriety, but is at- 
tended with a neceſſary Blander, A learned Expoſitor of the 


Orrery ſays, * when this Machine is ſet to any Latitude, (for 
they have a Contrivance for that too) ſet the moveable Ho-  * 


f pizon'to the ſame Degree upon the Meridian, and you — 25 


- 
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II. As the Orrery is a Machine proper 


1 rene the real Motions of the Heavenly 
Bodies, fo the Globes are adapted to their a 


patent Motions : And that I may 
Reader a juſt and adequate Idea of them, 1 
mall premiſe the following Deſcription, of a 
Machine, which, though imaginary, will greatly | 

tend to the true Conceprion both of their Na- 


5 ture and Uſe. 
In order to this, let us eviiceive a 
hollow Sphere repreſenting the Inſide of the 


two i 


give 


Heavens, and on the inner Surface of this Sphere 


let the Sun, Moon, and Stars, be ſuppo 


ſed to 


de delineated in their proper Places; and let 
the Sphere be put into a Frame, and hang 

there in ſuch a Manner, as that it may be ca- 
pable of turning about an Axis: And let it be 
J ſo contrived, that either End of the Axis 22 


be raiſed or lowered at Pleaſure. by 


5 1 an Idea of the reſpective Altitudes, or P 
LY Planets above or below the Horizon, according to their re 
_ © ſpedtive Poſitions, with re to the Meridian,” 
ow the Idea which the Motion of the Orrery in this Polition 
To Year above 
de Horizon, and the other half below it. For the Ball which 
repreſencs it in the Orrery is manifeſtly ſo, while it performs its 


| gives me is, that the whole Earth is one half 


Revolution about the Sun, 
Again, ſome Artiſts, in order to make the 


et this 


repreſent the 


ſeveral Phaſes. of the Moon, make one half o 4 Ball that 
repreſents her black: in which Caſe they are obliged to contri 

it ſo, that the ſame Side of the Moon ſhall not be always turn 

towards the Earth; which is contrary to 
that the dark Side ſhall ſometimes be turned 
uy is MR 4 


r real 


Motion, or 


hack wry oi 


3 


cup xv. of be Orrery, b. 
In the Midſt of this 8 phere, let lay 
{mall Ball to repreſent — Earth, but ſo fixed 
- there, as not to turn round with the Sphere, 
and let a Spectator be ſuppoſed ta be placed on 
the uppermoſt Point of this Ball; and to ah | 


vent any Part of the lower half of the Sp 


from being viſible to him, let a Plane, that 1s, 


à thin broad Subſtance, a Plate of Braſs for "ug . 
ſtance, be ſuppoſed fixed on that Point of the | 


Ball where the | Spectator ſtands, and to reach 
on all Sides as far as we; inner Surface of the 


; "This will repteſent the Horizon of © © 


that Spectator; becauſe it ſeparates the upper 
half of Fee 8 phere, which. we are to ſuppoſe 
viſible to this : Rator, from the lower, which 
we muſt ſuppole to be out of his Sight. Then, 
as is moſt obvious, by turning this Sphere 
once round, while the Ball, the Spectator, and 
the aforeſaid Plane remain unmoved, the rifing 
and ſetting of the Sun, Moog, and Stars by 
their — by the Edges. of this Plane, will 
be. duly + areas) (a): And. thoſe Stars 
which do not down ſo low as the Plane 
{as is eyident if one End of the Axis of the 


Sphere be above it, ſome will not,) will be 


. thoſe which never ſet to a Spectator on that 
Part of the Earth, which correſponds with the 


(a) The Reader is to ſuppoſe here, that in this Caſe the 
Sphere is not hung in its Frame in ſach Manner, mat one Ex- 
tremity of its Axis ſhall be direQly over the SpeQtator ;* becauſe 
in that Caſe none of the Heavenly Bodies in turning the Sphere, 


viF pale by he Edge vF ue by 


uppermoſt 


the Hand of a Clock, to 
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uppermoſt Point of the Ball; - thoſe which, | 
during the whole Revolution, do not riſe 5 


high as to come above it, will be thoſe which, 5 


never riſe. : 


Again, if we ſuppoſe a Circle as aun as the 


Inſide of the Sphere will admit of, to be placed 
within it, in ſach Manner as to have the Axis 


of the Sphere paſſing through two oppoſite 
Points of it, and alſo to have one Point of 


it directly over the Head of the Spectator, 
and the oppoſite one directly under his Feet, 


and to remain -unmoved while the Sphere 
turns: This will repreſent the Meridian of 


© that. Spectator; and ſo the Culminations of 
the Heavenly Bodies, that is, their paſſing the 
- Meridian in the Heavens, will be exhibited by 
their patiing by this Circle. 


Farther, we alſo _ an Index like ; 


fixed upon one 
of the. Extremities' of the Axis of the Sphere, 


in ſuch Manner as to turn with the Sphere, and 
to point continually to a Circle fixed on the 


Frame, with the 24 Hours delineated upon it; 


and if this Index be ſet to point to the Hour 
12, when the Sun's Place upon the Sphere for 
any giveri Day is at the Circle that repreſents . 
the Meridian, then by turning the Sphere this 
Way or that, till the Place of the Sun or any 


of the Stars comes to the Plane above men- | 
tioned, the Index moving 8 the Sphere, 


will point to the Hour at which they riſe ot 


5, ſet that D . Ans if we abſerve = what 


Hour 


Hour the Index points, when any of them 


| 1 
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_ "ctofles the Meridian within the Sphere, the 


Time of their Culmination, or Southing, wilt 
be expreſſed: And fo by this Machine all 
Problems relating to the rifing, ſetting,” aud 
ſouthing of the Sun, Moon, and Stars, may be 


ſolved. The Reaſon why the Index muſt be 
ſet to point to the Hour 12, when the Place 


of the Sun is brought to the Meridian, is that 
it may point to that Hour, which the real Sun 
indicates, when the Heavens ſtand in a Poſi- 


tion correſponding with that of our 1maginary 


But ſince by Means of the annual Motion of 


| the Earth round the Sun, the Sun OT | 


ſhifts its apparent Place in the Heavens in ſuch. 


Manner, as to ſeem to deſcribe a great Circle 


once a Vear; it is evident that its Place cannot 


be delineated on the Infide of this Sphere as 


we have ſuppoſed; unleſs it be for a Day or 


a a few Hours, during which Time its Chan 
of Place is ſo ſmall that it may be neglected. 


In like Manner the Planets are continuallß 


changing their apparent Places in the Heavens, 
by Means of their Motions in their reſpective 


Orbits; neither therefore can their Places be 


aſſigned them, unleſs for a very ſmall Interyal 


of Time. Let us then imagine both the Sun : 
and the Planets to be repreſented by little Balls 


adhering to the inner Surface of the ſaid Sphere; 
but let it be ſo contrived, that each Ball ſhall 
ſhift its Place with every Turn of the Sphere, 


— A fortron cw 
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jiuſt fo much, and in. the fame; Direction that 

_ the Sun or other Heavenly Body the Ball re- 
Preſents, appears to ſhift its Place inthe Heavens 
mn one Day: And let the Index ſhift with the 


Sun, ſo that it may always point to 12, when 5 
the Place of the Sun comes to the Meridian. 
Then, as is moſt obvious, will our Machine 


be ſo adapted, that upon turning it round con- 
© inually, the Change of the Time of the riſing 
and ſetting of the Sun, its different Meridian 
Altitude, the Viciſſitude, and Length of Day 


and Night, the Alteration of the Time of the 


nſing and ſetting of the fixed Stars and of the 


Planets, for ſo many Days running, as is the 


Number of Turns given to the Globe, will all 


be exhibited to View : And conſequently by 


turning the Sphere 365 Times round, the Suc- - 


ceſſion of the Seaſons will be repreſented . 


throughout the Year with Abundance more, 


or rather with all the remaining Phznomena 
of the Heavens. . 


This Machine, as hitherto deſcribed, ſerves 
only to exhibit the Phænomena of the Heavens 
as they appear on one Point of the Earth's 

Surface, vx. that which is repreſented by the 
uppermoſt Point of the Ball, or that where the 

Spedator was ſuppoſed to ſtand. But if we 

imagine the Plane which was put as a Boun- 


dary to the Spectator's Sight to be applied to 
ſome other Point of the Ball and fixed there, 


- - then the Motion of the Sphere will exhibit 
te Phenomena .as they would appear to a 


8 Spectator 


* 
„* 


| . | | 7 
Chap. XV: of ube Orrery, &. 27% — 
| on that Patt of the Earth, and ſo for, 7 
the reſt; or, which comes to the ſame Thing, if 


vrhile the Plane remains unmoved, one of the 
Poles of the Sphere be elevated above it as 


ma bp 2orecs as the correſponding Pole in the 
9 above the — * Spectator, 
or any Part of the Earth; then will the Re- 
volution of the Sphere repreſent the Phæno- 
mena as they appear to that Spectator. For 
it is the ſame Thing whether the Pole be lifted 
up from the Horizon, or the Horizon put down 
below the Pole (a). M a Rs." 
Now this Machine (except ; in ſome; few 
Particulars; in which it vaſtly excels the celeſ- 
tial Globe) is exactly the. ſame with it as.to-its 
_ Uſes. Thus, the Globe turns upon an Axis, 
either End of which may be raiſed or depreſſed 
at Pleaſure; and on one of them is an Index 
that turns with the Globe, and points to a fed 
Cirele that has the Hours upon it. There is 
no Ball in the Middle, as we ſuppoſed in the 
Machine, but the Place of the Spectator is al- 
a eans of 0 the real 
PF 
 to-ſhew afterwards how. the apparent, Motions of thoſe Badies 
depend on, andare connected with their real ones, che Elements 
| Aſtronomy might be =». oi much better than by any Thing 


that has yet been contrived ; or rather, if I may ſo ſay, the 
Science fiſelf might thereby be exhibited to View. Por the 


Orrery, though it admirably well illuſtrates ſome gs, par- 
125 ticularly the 8 


— 


* 


Eclipſes, and in general what relates to the Motions 

of the Planets about the Sun, yet it ſhews the Appearances or 
 Pliznomena ariſing from thence to a Spectator, ſuppoſed to be 

: a Reſt upon. the Sufface of the Barth, but in a forced and un- 


3 


8 
, 
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1 Hays ſuppoſed to be thete; and inſtead of the 
Plane we ſuppoſed to touch that Part of the 
Ball on which the Spectator ſtands, and to be 
extended every Way as far as the inner Surface 
of the Sphere, there is a broad wooden Circle 
on the Outſide of the Globe, (which is Part 
of the Frame of it) exactly where that Plane 
would paſs, was it continued beyond the Sur- 
_ —- "face of the Globe, and ſo anſwers the Uſes of 
"that Plane. In the next Place, inſtead of the 
Cirele we ſuppoſed fixed within the Sphere, and 
paſſing through the Zenith and Nadir of the 
Spectator, and through which the Axis of the 
Sphere paſſes, there is a brazen Circle on the 
Gutſide of the Globe, and in which it ſwings. 
And inſtead of the Stars being on the inner 
SBaurface, they are here on the outer one, and 
the Conſtellations are delineated in their proper 
Forms. Then as to the Places of the Sun 
and Planets, Artificers are content to leave 
them quite out, and only draw a great Circle 
repfreſenting the Path of the Sun in its annual 
Courſe through the Heavens, viz. the Ecliptic, 
and diſtinguiſh it into 12 Parts by the Signs, 
and each Sign into 30 other Parts, Which 
are Degrees. When, therefore, a Problem 
is to be determined by the Globe, requiring 
that the Sun ſhould be delineated in its 
proper Place, you are to look out the Place 
of the Sun for the given Time in ſome aſtro- 
nomical Tables, Ephemeris, or Almanack for 
that Purpoſe, or on the broad Surface of the 
343 FE e Horizon 


2 Table ſhewing the Sun's Place in the Ecliptic 


N Place 


6 ] ] ᷣñͥ ̃ ̃ ̃ 7 ]˙ ˙!!1ß TO i. 
2 - 
g 


cap. xV-of Me Ora; bee. 5 
Horizon of the Globe, where there is 4 


for every Day of the Vear, and then to mark 
its Place on "the Lane which we faid. repre- 
ſented the Path of the Sun upon the Globe. 
In like Manner, if a Problem is to be ſolved 
requiring the Place of any of the Planets, the 
of thePlaner, for the Time given, mult be 
locked out in fore Wen or Almanack; 
of which POS, are Any ubliſhed yearly by 
Panter a Showa fo for that 8 containi 
Tables expreſſing the: and Latitu 
of each Planet 4 for every Day of the Year; 
and marking the Place of 4 lanet upon ke. 
Globe, by ſticking on a, Patch, or the I 


ſetting the Index according to the Place * MY 


Sun 2 the given Time, and turning the Globe 
about, the Index will ſhew, the Time of that 
Planet's coming to either Side of the Horizon 
to the Meridian, or to any h, aboye ' oF 
Rr e lt 


1 then the Reader will IN to Piel a 


true Idea of the Machine I have deſcribed, and 


of the Manner in which ſuch a Machine is ca- 
pable of repreſenting the apparent Motions of E 


the Heavenly Bodies, he cannot fail of -hai 
a thorou 
leſtial Globe; the main Pifference between 
them being only this, vi. that What we have 
ſuppoſed in the one to be on the Inſide, is 
. actually in the other on the Outhde, or 

0 L. 1. Een 


| 


ena of - the Nature of 4 
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#' be fixed on, or to have its Place marked | 


there, as Occaſion requires. The Uſes both of 
the celeſtial and terreſtrial Globe, as to parti- 


cular Caſes, will be further illuſtrated by the 
Inſtances at the End of this Chapter, after 
we have conſidered ſore other e 4d 
Kane Rags ͤͤͤͥͤͥ 36 . 
Ihe Circles cathy: 

celeſtial Globe, beſides the Ecliptie abovemen- 
tioned, are the Equinoctial Cirele at an equal 
Diftance from either Pole, and two Patallels to 
it, viz. one on either Side, to repreſent the 
apparent diurnal Motion of the Sun, when at 


its greateſt Diſtance from the Equator, called 


the Tropics ; and at the like Diftance from 


* Pole, two more Parallels called the po- 


lar Circles. Both the Eeliptic and the Equi- 


Ecliptic into 12 Signs, alte gd 


thar the Degrees belonging to each 
here the Conſtellation whoſe Name it 


* 


noctial are divided into Degrees, 'begibning at 


the Point that repreſents the vernal Equinox, 
which is one of thoſe where =y croſs each 


other; the Equinoctial into 460, but the 
5 by their 


proper Chatacters, every one of which is ſub- 


divided into 30 Degrees (a). There are alſo 


fix Secondaries of the Equator, and as many 


(a); As to the Diviſions of che Eeli tic, it is to be obſerved, 
are not to be found 


where the Character iar to that Sign is placed. The Rea- 


ſon of which, is, becauſe the firſt Degree of Aries, from whence 
all the reft are counted, being where the Equinoctial cuts the 
2 is. not in this Age in any Part of the Conſtellation 


* * * e 25 28 accounted for Wr 


acligelied on 608 ; 


is delineated, but 


N T ; , 's 4 R "<< a : 
lap. XV. f the Orrery, &c. 275. 
” 1 


of each Sign; two of which are alſo, Seconda- 
ries of the Equator, vix. the Equinoctial and, 
Solftitial-. Colures. Further, the Globe is ſo 


hung in its Frame, that that Side only of the, 


brazen Meridian which has the Degrees mark- 
ed upon it, paſſes through the Axis of it, which 
Side only, in all Caſes where that Meridian is 
conſidered, is therefore ſuppoſed to repreſent it. 
Upon the broad Surface of the wooden Hori- 
zon, beſides. the innermoſt Circle divided into 
its proper Degrees, there is a Table ſhewing. 
what Degree of: the Ecliptic the Sun is in for 


= , 


every Day of the Year, as was. obſerved above 3 
in order to which the 12 Signs of the Ecliptic, 
with the Degrees of each, and the 12 Kalendar 
Months, are ſo placed over- againſt one another, 
both accordi 8 to the Julian and Gregorian 
Account, that Is, according to the old and new 
Stile, as that the Days of the one may duly 
anſwer to the correſpending, Places of the Sun 
upon the other. There is alſo a Circle, repre- 
ſenting the Winds or Points of the Compaſs. 
There is alſo belonging to the Globe a . 
drant of. Altitude. It is a long and narrow r 
Plate of Braſs, made ſo thin and pliant, that 
the whole Length of it may be applied cloſe to 
the Surface of the Globe, and having the De- 
grees upon it (a), ſerves to meaſure the Diſtances 
(a) That Edge which has the Degrees neareſt it, is called 
its graduated Edge, and is the only Part of it that is confidered 
8 2 5 * Of 
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| | of Places on the Globes; or being fixed on to 
the oſt Point of the Meridian of the 


celeſtial Globe, (for which os «og it has a 
Screw at one 2000 and having the other End 


thruſt in been . Eid the Globe, 
meaſures the Height of a Star, or other Hea- 
venly Body above the Horizon, Cr. Js 2 


which latter Ole it has its Name. 


The Wireltrial Globe differs from the * 
leſtial principally, that inſtead of the Conſtel- 
lationis, the ſeveral Countries of the Earth are 


delineated thereon ; and the Circles on "this 
_ _ Globe are uſually the Ecliptic, and the Equa- 
tor, on which are numbeted the Degrees of 


Longitixde (a), the two Tropics, the two polar 
Circles, 9 5 che Þ Ei uator pulp? 
Parallels al 


of it at every tenth —— on each Side. 
There are alſo drawn upon it Rhumb Lines, or 


eeping the fame Courſe, 


that is, Reering continually on the ſame Point 
of the Comps , deſcribes upon the Surface of 
the Sea. Ke Ptope 


DoS. is, that it cuts che Meridians under 


of à Line of this 


3 At 5 and therefore is 4 Kind of Spi- 
8 tally . towards ſors 
This A led a Laufen, Curve. 


The Lives of Variation deſcribed upon the 
terreſtrial Globe, ſhew the Direction of the 
magnetic Needle, in thoſe Places in which it 
does not point directly towards the North. 


For it is obſerved, that the Needle in ſome "2 | 


Parts of the World declines from the North 
to the Eaſt, and in others to the Weſt, 


Further, on the Pedeſtal of ſome Globes 
there is a Mariner's Compaſs fixed, by the 
Help of which, the brazen Meridian 2 


Globe may be placed i in the Meridian (a). 


After this Deſcription of the Globes, ond 

general Idea of the Uſe thereof, it may — — 
be proper to ä . 

lowing Inſtances. | 


And et the celeſtial Globe, 


ace of the Earth. 


of the Eaxth, flide the Meridian in the 


a1. wh, a Py, or r cat Eee 


in all other Reſpects it is like a Globe, except that the Surface 
| 3 cut away every chere, '(unleſs where a Cirele is deſcribed) 


h to. repreſent the Zodiac, on which the Places 
Su and Planets may be marked, as Occaſion requires. 


2 5 Notches 


Chap, xv. of the oe, e. 371 


i 
Latitude of any Place e the Sur- 


If the Place be in the a Hemiſphere | 


(0: The comes the of have. 
40 akae Apmillary Sphoe 9 . 
| and has a B Lin the Middle to repreſent the Earth ; but then, ; 


* 
'F 


de deere e, There is one Cirele 27 
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. 3 0 r . 
Motches of the Horizon, till there be as many 

Degrees of the Meridian between the North 
Pole and the Horizon, as are equal to che La- 
* tifade of the Place (a). If the Place be in the 
Southern Hemiſphere, the Southern Pole ak 
be raiſed to alike Height above the Horizon. 
ene 45% C2305 USC 


tp > rl. 4 
K £03 


pros. II. T. find what Stars newer riſe 
or never ſet in any Place or Latitude 
4 given. err Pak. 7 e 


ue Globe being rectified to the given La- 
ttltude of the Place by Problem the firſt, thoſe 
5 Stars which paſs not under the wooden Hori- 
zon of the Globe, during its whole Revolution, 
never ſet to a Spectator in that Latitude: And 
ſuch as do not come up above it, never aſcend 
above that of the Spectator, and ſo never are 
ſeen to riſe, „%%% EN rnb. 


(a) The Reaſon of this is, beeauſe to a SpeRator, upon any 
Part of the Earth, the Elevation of the Pole 1s equal to the La- 
titude of the Place; and the Globe is ſaid to be re&ified by this 
Operation, becauſe, by this Means, that Point of the little Ball 
(for ſuch we muſt always fappoſe-to be in the Middle of the 
+ _ Globe, to repreſent the Earth) that correſponds. to the Place of 
- . «the Spectator upon the Earth, is 2 to the uppermoſt Point 
thereof; and ſo the Horizon thereof becomes coincident with 
ttzhe Plane of the wooden Horizon that ſurrounds the Globe; 
aand the Poles of the Globe having the like Situation with re- 
Rs er the uppermoſt Point of the Ball, that the Poles of the 
World have with feſpect to the Place of the SpeRator, it is evi- 
dent that the Revolution of the Globe is fitly diſpoſed to exhibit 
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oF 


-, the E eliptic, Jo gay. Day . 95 


If the Day iven be according to the Julian 
Account, or Old Stile, b 

| Horizon of the Globe, in the Julian Kalen- 
; dar, otherwiſe in the Gregorian, find the Day 
2 given, over-againſt which in a Circle,. which 


the Plex 


contains the ſeveral Signs and Degrees of the 


Ecliptic, is that 8 in which the Sun is on 


that Day. Though it may be found more 


accurately by an Ephemeris calculated for 
that Year. Then in the Eeliptic, delineated 
on the Surface of the Globe, look for the ſame 


Degree, and that is the Place of the Sun e 


oy Globe for that Day 1 


\\ 


* 


Padz. IV. The: La if a WE 


_ being given, to 10 the Zan the 
„Sun, ring and ſetting,” and con- 

"ſequently the. 2 of Dy and 
- Wight in that Place. 


Having redtified the Globe 868 00 to the 
Latitude, (by Prob..) and found the Suns 
Place in the Ecliptic (by Prob. III.) bring the 
latter to the G Edge of the brazen Me- 
. and — Es 8 in that Fahner. 
| ſet 


Prop. Il. 2 fad abe Sun's Place in 
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ſet the Hour Index to 12 at Noon (a); then 
turn the Globe till the Sun's Place in the 


Ecliptic comes to the eaſtern Part of the Hori- 


20on, and the Index will point to the Hour at 


which the Sun riſes; and if you turn the Globe 
till the. Sun's Place cuts the weſtern Side of 


the Horizon, we Index will be che SIP 


Vis ng: 


"34 : 


25 Paon. V. 25 1 % * W Pe the 


Day, by the Height of the Sun. 


Find, dn ibe Help, of x . 
ber Inſtrument for that Purpoſe, obſerve how 
many Degrees the Sun is elevated above the 


Horizon. Then the Globe being reftified to 


the Latitude of the Place, and the Suns Place 


In the Ecliptic found, and the Hour Index 
duly placed, that is, ſo as to point to 12 at 
Noon, when the Sun's Place is under the 
Meridian; and ſore wing the Quadrant of Alti- 
tude on to the Meridian at the Zenith, (i. e.) at 


ſo many Degrees from the Equator, as the Lati- 
tude of the Place conſiſts of. Turn the Quadrant 


| of Altitude and the Globe backwards and for- 


>) Brcale when the Place of the Sun in in the Meridian, 725 


the Globe repreſents the Poſition. of the Heavens, in reſpect of 


the given Place, as the > at Noon, or at 12 '0'Clock of the 
Day And conſequently, if te Hour Index be put to 
| E. I —_—_— Globe is 2 5 nh 94g as it onde 2 the 
obe, it wi int to the Hour * nds wi 
ä 4+: acts . 2 — 
Words, 


Inſtrument, the Globe rectiſied, the 


Which — the 


„nene 


Chap. XV. of the Orrery, & c. 28x 
wards, till the Sun's Place in the Ecliptic lies 
under that Degree on the 


Edge f 


the Quadrant of Altitude, which and to 


the Sun's Altitude, found as above, then will 


the Hour Index teen out the Tins 5 and 
Day (). 


3 To fond 5 Hour 55 the W 


Wight, by the Height of a Star. 


| The Height of che Star being found by an 


of Altitude fixed, and the Hour Index duly 


placed, as in the foregoing Problem, move the 
Globe and the Quadrant, till the Star comes 


under its graduated Edge, at that Degree which 


exprefſes the Altitude of the Star above the 


Horizon; then will the Hour Index d to 
the Hour of the Night, 8 


Pros, VII. To find the Place f 4 a Star 
or Planet upon the. Globe, its Longi- 
_ tude and Latitude being given. | 


Lay the firſt Degree of the Quadrant of 
Altitude, upon that Degree of the Ecliptic, 
given „and the 

njaetieth Degree thereof on the Pole of the 


(a) atten che Gras Bizecdodas 


the Globe, t is ſo many Degrees above 
ihr reef hs 


Horizon, as the 


| Ecliptic, . 


* 


$ — þ 


1 


„ ed 


* 


- 


ſ 


Southern, as the given Latitude cis: North or 
South: Then look upon the Quadrant for the 


Degree of Latitude given, and the Point of 
the Globe which is under * is the Place of 


* For or A 8 (2): 2. 


\ 


| Paos. vir. To . the Appear 
ane of the Heavens at any Time of 


5 15 the Night ; that it, to ſhew the Si. 
tuation of "the hoe] _— 5 at that | 


Ne, r- 


Rectify the Globe; and for the dons "= | 


to the Sun's Place in the Ecliptic, and turn the 
Globe till the Index rr to =_ 1 of the 


* „ 


CRY 


in this Situation, repreſents a Secondary of the Ecliptic, an 
Arch of which intercepted between the Star and the Eclipticis 18 
its Latitude; and an Arch of the Ecliptic between the Point 
where it-is interſected by a Secondary paſſing through the us 
and the firſt Degree: of Aries, is Irs > Longitude. . 


(3) For then the Situation of the Stars upon the Glabe; with 


reſpect to the Horizon and Meridian, will be ſimilar to that f 


the Stars in the Heavens; wiz. thoſe which a 95 on the 
Eaſtern Side of the Globe in the Horizon will then be riſing, 
and thoſe in the Horizon at the other Side will be ſetting, tho 
Ihich are under the Meridian will then be culminating, c. 
And if by Means of 'a Compaſs upon the Ped 'of the 


4 Globe, you ſer the brazen Meridian" orth and South, ſo m 


Ws a) The] Rinſon of hin is, 3 the adde of Altitude 
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Ecliptic, (that is, where its Secondaries:crofs 
each other upon the Globe) either Northern or 


Pros. 


„„ IO 
* 


cb xv, 1 the oeh. 


1 Lale being firſt 


Boa Ov one 


* 
*. 


tbe Latitude of 75 Place being given, 


. #0 find the Beginning of the Morning, 
and End of the Evening. Twilight.” 


The Globe being rectified to the Latitude 
of the Place, and the Hour Index ſet ta the 
Place of the Sun in the Ecliptic, elevate that 


Degree of the Ecliptic which is diametrically 


e Weſt Side of the Horizon 


and the 
our Index will ſhew the Time 4 


ay-break, 


72 05 to the Sun s Place, 18 De os above 


the South Part of ĩt ſhall reſpe& the South Part of the Heben, 
the Situation of the Stars upon the Globe, with reſpect to the 


Points of the Com aſs, wil = be fi 85 to that of the Stars 
in the Heavens at that Time; fo that cs he the Situa- 
© 


tion of the Stars u 5 the Globe, wi Heavens; 


you may eafily make yourſelf — with all the Stars 
that are yiſible in this art of the World. 


If the Situation of the Made or the other Planets, is alſo to 


2 repreſented, their Places in the Zodiac for that Time muſt 


ed them by the laſt Problem, their hos ey and 
found by an Ephemeris for tha 


(a) Becauſe then the Place of the Sun will be ſo many De- De- 
f the Sun, 


grees below on the other Side, in which Situation 0 

we obſerved above, that the Twilight begins. The Quadrant 
of Altitude will ſhew when' the Point * to that of the 
Sun is 18 Degrees above the Horizon. If this be tried for any 


Time while the Sun is paſſing from Mit the 5th Degree of 


Gemini, to the 20th of ancer,' that is, from about che i gth of 
May to about the 7th of Jah, it will be found that there is no 
Beginning or Rnd of Tien, the Sun never being 18 De- 


err the n (in the n. of Thee) during 


if 


28g. 
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or the Beginning of Morning Twilight. And 5 
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3 if the ſame Point: of the Ecliptic be raiſed 18 


Degrees above the Eaſt Side of the Horizon, 


the Index will er out the om Wow: the 
| Evening: Twilig ends. 


Pros, N. 7 account Yor 10 These 
mena of the Harveſt Moon. 


> About the autumnal Equinox, MI the 
21505 is at or near the Full, it riſes almoſt at the 
fame Hour for ſeveral N ights together; which _ 
Phenomenon is called the Harveff Moon (a). 
In order therefore to ſhew by the Globe how 
this comes about, let us 0 804 the Place of 
che Sun to be in the firſt Degree of Libra, as 
it always is at that Equinox, and that of the 
Moon to be in the Point oppoſite to the Sun, 
or the firſt Degree of Aries, becauſe the 
Moon muſt be oonſidered as being at or near 
the Full. In this Caſe it is obvious that the 
Moon will riſe when the Sun ſets, which will 
pe at Six of the Clock; becauſe both Lumina- 
Ties are in the Equator and at oppoſite Points. 
Now fince the Moon performs an entire Revo» _ 
lution in its Orbit, (which we will at preſent = 
conſider as coincident with the Ecliptic) in the 
Space of one Month, it therefore adyanices for- 
wards 12. Degrees each Day, and conſequently = 
the next Night it will be in the 12th Degrer 
of Aries. Let us then enquire at what Time 
Mr. Jobnſen calls this Phænomenon Luna attumnali. 
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' inveſtigate the Time of the Moon's riſing for 


E TT 
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_ . the Moon will riſe this Night. To this End, 
rectify the Globe to the Latitude of the Place, | 


| bring the Sun's Place, which is now the ſecond 
Degree of Libra, to the brazen Meridian, and 


put the Hour Index to 123 and if the Globe 


12th Degree of Aries, cuts the eaſtern Side of 
the Horizon, we ſhall find the Hour Index 


will point nearly to the Hour of Six, which, 


be turned till the Place of che Moon, ix. the 


as obſerved above, was the Time of the Moons 


the Evening before. And thus if we 
ſeveral Nights together, both before and after 


the Fall; it will be found much the fame in all. 
The Reaſon of this is, that about the Time 

of the Full Moons, which happen at this Part 
of the Year, the Moon being in the aſcending 


Signs of the Zodiac, appears in its noctu 


Courſe to deſoribe a Parallel of the Equator 


one Night much nearer the North Pole than 


another, and ſo riſes every Night more and 
more to the Northern Parts of the Horizon, 


and that conſiderably, as paſſing quite fr 


the Southern to the Nel ern Trop "i 


Fortnight's Time. Now it is eaſy to conceive 


that the nearer any of the Heavenly Bodies is 


to the North Pole, the ſooner that Body (cate- 


7is paribus) aſcends the Horizon: Thus, if the 


— 


y be within a little of the Circle f per- 
tual App rn, that Body is no ſooner ſet 
but it riles again. Iq every Lunation there 
re. while the Moon is s paſſing from the 
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Southern to the Northern Tropic, Cad Mi- 


| 0 nutes are of that Account to be deducted from 


thoſe by which it would riſe: later and later 
_ each Night, did the Plane of its Orbit coincide 
with that of the Equinoctial; and as much is 
to be added while e paſſes from the Northern 

to the Southern Tropic. And for the like 
Nealen in the former Cale ſomething is to be 
added to the Time it would ſet at; and i in the 
latter a like Quantity is to he deducted. 

Non about the Time of the Autumnal . 58 


nox; the Sun being then in Libra or-there-. 


abouts, the Moon is in the Midſt of the aſcend- 
ing Signs, when at the Full. Hence it is that 
the fa Moons at that Time of the Year, riſe | 
| 2 little later the one than the other. 
In like Manner, if any one thipks it worth 
while to obſerve. it, he will find that the new 
Moons in the Spring; riſe nearly at the ſame 
Hour for ſeveral Nights ſucceſſively, while the 
full Moons ſhall riſe one later than another, by 
a greater Difference than at any other Time of 
the Vear. The Reaſon is, becauſe at the Time 
of the new Moons, which happen at that Part 
of the Vear, the Moon is in the aſcending Signs, 
but at the full, in the deſcending ones (a). 


(a) It is here to be obſerved, that this Phænomenon is not the 
ſame as to Degree, in different Years; becauſe- as the lunar . 
Orbit is inclined to the Ecliptic 5 Degrees, and the Line of 1 
Nodes is continually revolving round, the Inclination of 
Orbit to the Equator will be ſometimes 10 Degrees greater than 
at others. So that the Moon does not haften to the North, or 
a FFF __ Pace. 
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Pros. XI. 25 . the N. of 


” tbe Year in which a Star riſes Lis Leet 


Coſmically, or Acronically. 
mid reckifed the Globe to the Lies 


of the Place, bring the Stat to the Horizon on 
the Eaſtern Side of the Globe, and obſerve 


what Degtee of the Beliptie riſes with- it. 
Look for that Degree in the wooden Horizon, 
and right againſt it in the Kalendar, you will 
find the Month and Day when that Star riſes 
cCoſmically (a). And if you bring the Star to 
the weſtern Side of the Horizon, the 


. of the Ecliptic which euts the Eaſtern Side 


of the Horizon in that Situation of the Globe, 
will give the Day of the Month when the 
ſaid Star ſets coſmically (5). So like wiſe againſt 
the Degree which ſets with che Star, you will 


find the Day of the Month of its Acronicul 


ſetting; and if you bting it to the Eaſtern 


Part of the Hotizon, the Degree of the 9 © 


tic which then cuts the Weſtern Part of t 


Horizon will be the Sun's TREE when the 
| Star riſes Acronically. 


(6) Fo For that will be the Day 3 Sun and . hab 
e Time, which 5 its coſmical Rifing, | 


y 
| 7 
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Hel iacal riſmg and Jeng of- @ Star. 


Haring refified che Globe do ihe 1 


of the Place, bring che Star to_the 2 5 71 
Side of the Horizon, and app ply the 
of Altitude to the Weſtern Side. = ſuch N 


' that its twelfth Degree 


may cut the LES 
if the Star be of the firſt: Magnitude, (a). Then 


Woiͤll the Point of the Ecliptic Ws Dog to that 


which is cut by the Quadrant, 


below the Horizon. . Look for this D ö 
| the wooden Horizon, and over-againſt it 9 


will have the Day of the Vear, when the Star 
riſes Heliacally. "To find the Heliacal ſetting, 
bring the Star o che Weſtern Side of the Ho- 


riaon, and turn the Quadrant of Altitude about 
to the Eaſtern Side, till the twelfth Degree of it 


cuts the Ecliptie; then that Degree of the 


LR Ecliptic which is oppoſite to this Point, is the 


Sun's Place at that Time Le lern e 
the Star ſets Heliacally. [tot hw. Bb 


1 


a Becauſe a Star of the firſt Magnitude 1 — * above he 
Horiees dee be feen, hes the Sun is 12 Degrees below it. If 
be of the ſecond agnitude, that Degree of the Kelip 
— be taken, which i 13 Degrees below the Hori: 
when he Gar ries TW es then the 14th, Wc, ES 
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| Pro. XIII. Tze Day of he Month, 
and Time of the Dp, and the Lati- 


tude of the Place bein given, to find 
3 wont 


ing to the Babylonic, Italic, and the 
_ Judaical Way .of reckoning. 


1. To find the Babylonic Hour (which is 


the Hour of the Day, accord 


reckoned from the Time of the Rifing of the 


Sun) having found the Time of the Sun's riſing 
in the given Latitude, the Number of Hours 
between that and the Time given, is the Hour 


of the Day den to the Babylonic Way of 
teckoning. 


2. To find PUY Fall r (which is 


reckoned from Sun Ro firſt find the Time 


at which the Sun ſets on the given Day. The 
Time elapſed from that to the Time given, 
will give the Talic Hour ſought, 


3. To find the Hour of the Day according | 


to the Jewiſh Way of reckoning (one of which 


Hours is a twelfth Part of the Time that the 
Sun continues above the Horizon, and the 1.4 
our 


reckoned from Sun riſing,) firſt find the 

the Sun ſets at, this bein doubled will give the 
Number of Hours the Sun continues above the 
Horizon on the Day given. Then as that 
Number of Hours 1 is to 12, ſo is the * uber 
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of Hours ſince Sun riſing, to the Judaical 
Hour required. To find the Hour of the 


Night, double the Hour the Sun riſes at, and 
ſay, as that Number is to 12, ſo is the 
Number of Hours ſince Sun Tentigg. to the 


Hour required. 


Thus in the Uatitude of W when the 
Sun riſes at 4 of the Clock and ſets at 8, if the 
Hour given be 5 in the Evening, the Babylonic 
Hour will be the 13th, the rake the 2 iſt, 


and the Few Hour wal be 8 N r h 
e | 


Pros, XIV. To fond the Place Fay any 


of the Heavenly Bodies upon the 


Globe, from their right” 1 = 
and. Declination. 85 


| COD that Point of a Equator which ex- 
preſſes the right Aſcenſion given, to the brazen 


Meridian, and look upon the Meridian towards 
the North or South Pole, according as the De- 


clination is North or South, for the Degree of 


Declination given, under which. is the Place 


ſought (a). 


© (a) For in this Caſe the Meridian is made to role a Se- 


condary of the Equator paſſing through the Place, an Arch of 


. Which lying between the Place and the Equator is the Declina- 


tion, and the Diſtance between the Place of the Equator thro? 


Which it es, and the firſt Degree of Aries, is the right 
Abe a 5 EA, 1 aps 1g 
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. the Terreſtrial Globe. 


Fase xv. From: tbe Long de and_ 
Tatitude , à Place, pas A 
face of the Earth being given, to "19 
© find the Place upon the Globe. 


This Probe is meh the fame. with the 
laſt, only inſtead of the celeſtial, we uſe tze 
terreſtrial Globe; and inſtead of reckoning | 
the Longitude from the firſt Degree of Aries, 
the Point from which right Aſcenſſon is reckoned, 
it muſt be counted from the firſt Meridian. 

Bring the Degree of the Equator, which is 
the ſame with that of the Longitude giyen, to 
the Brazen Meridian, upon which count towards 
the North or South Pole, according as the 
Latitude is North or South, till you come to 
the Number of the anne ann which Is 
, WY Fe ſought (a). 


P ko. XVI. 7o determine the Direc 
of Time in different Places.” 


& Find the Longitude of each Place; by the 
* Converſe of the laſt Problem, and reduce the 


* 


. 


: of (a) In ſome Globes the Degrees of Longitude are numbered 

— both Ways from the firſt Meridian, till they meet in the oppo- | 
wy fite Point, and the Longitude is diſtinguiſhed into Eaſt and F< 
jght Weſt, as obſerved above: In ſvch Caſe it muſt be known which 


| Kind the given ne is of. * 
of 46 WE eater 
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g Difference into Time; which is done by al- 
lowing an Hour for every 15 Degrees, and ſo 
.+ proportionally for leſſer Parts, the Number of 
8 Sc. thus found, will be the Difference 


: between the Time of Bo 1 at ous ce. 
and that at the other (a). 


Po. XVII. To ft the . * 
tween two given Places, and a 21ſo 1 their 
Angle of Popetion. .. © 


Rectify the Globe to the Latitude 0 . 
me Places, and bring that Place to the brazen 


NVleridian; then fix the Quadrant of Altitude 


to the up OR Point of the Meridian, and, 
| putting the lower End of it between the Ho- 
rizon and the Globe, ſlide it about till it paſſes 
through .the other Place, and the Number of 
Degrees upon the Quadrant between Place and 


Place, turned into Miles, by reckoning 60 to 


Le. Angle of Poſition, () 


each Degree, will give the Diſtance between 

them; and the Number of Degrees upon the 

_ Horizon, between the Meridian and the Foot 
of the Quadrant, will be e of tha 


\ PRoB, 


(a) The Reaſon of this'is, becauſe as the Barth; by turning 
round its Axis, brings all Places to the Sun once in 24 Hours; 
| that Place which lies i5 Degrees to the Weſtward of another, 
comes to it an Hour later than the other; and ſo the Inbabi- 
rants of this Place are an Hour later in their-reckoning of Time 
han at the other Place. And the contrary. holds of ſuch. as 
ive towards the Eaſt. 
(3) The Angle thus found is different from that which a 
8 'paſſing through the two Places, makes with the 
— 


Chap. XV. of the Orrery, c. 293 
; Pros, XVIII. To find a Meridian Line 
_ ... partly by the Help of the. celeſtial. 
Globe, DIST ee 
Set the Hour Index to the Place of the Sun 
in the Ecliptic, and turn the Globe till the 
Pole Star, that is, the Star which is the neareſt | 
the Axis of the Globe, comes under the Me-. 
. ridian, either above or below the Pole; above, 
if you find that the Index in that Situation of 
the Star, points to one of the Hours of the 
Night, otherwiſe below; and mark what Hour 
the Index points to. Then at that Hour of 
the Night hang up two Plummets, letting their 
Weights hang in Water to prevent their vi- | 
brating, in ſuch Manner that the String of one 
of them may be directly between the Pole Star _ 
and the String of the other. Then will a Line 
- drawn from one String to the other, or the 
Shadow of the one when it falls upon the 
| other, be a Meridian Line. | 
Meridian, uſyally called their Heaping, and is alſo of a different | 
Nature: this being a true ſpherical Angle, made by the Inter- 
ion of two great Circles ; whereas the latter is formed by a 
reat Citcle of the Earth, and a ſpiral Line, deſcribed thereon, 
n ſuch a Manner as to approach the Poles continually, but 


not fall intd them until it has made an infinite Number of 
Rerolutjons found the Globe. 5 
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This I take to be a much eaſier, if not ſo 
accurate a Method as the common one of fixing 
up a Pin upon a Plane, drawing a Circle abopt 

the Foot of the Pin, and obſerving where the 
Edenh of the Shadow of that Pin enters the 
Circle in the Morning, and goes out of it in the 
Afternoon, and drawing a Line from the Foot 

of the Pin through the middle Point between 
thoſe Places for a Meridian Line. For this lat- 
ter Method requires more Care and Trouble to 
do it accurately, than they who have not tried 
75 it would i 1 119 e e e ee 


CHAP. XVI. 


Of the Equation of © Time. | 


THEREAS- Time conſtantly aſſes on 
VV - with an uniform and regular Flux, it is 
evident there is no poſſible Way of meaſuring 
accurately, and comparing the Kea Intervals of 
it one with another, but by the Motion of ſome 
Body, whoſe Progreſs is as uniform ard regular 
as itſelf. To this End it was natural to pitch 
upoh the Sun, whoſe Motion is obvious to all, 
and ſeemingly regular enough for that Purpoſe. | 
Put oY the ä and aceurate Ob- 
e ſervations 


ö 
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ſervations of Aſtronomers, it is diſcovered not 
to be ſo; and that neither the Days, nor even 
the Hours themſelves, as meaſured by the 


Motion of the Sun, are of an equal Length. 
And this upon two Accounts, as will appear 8 


from the following Conſiderations. 


I. A natural Day, or 24 Hours, is that In- 25 
terval of Time, in which the Sun ſeems to paſs 


from the Meridian of any Place to the ſame 


again: Had therefore the Earth no Motion | 


but about its own Axis, and conſequently the 
Sun no apparent one along the Ecliptic, all 


the Days would be of an equal Length, as 
depending only on the Motion of the Earth 
about its Axis, which, as far as we yet know, is 
uniform: But ſince che Earth is conftantly mov-— 
ing in its Orbit, the ſame Way it turns about 
its Axis, the Sun is always, in Appearance, ad- 


vancing forwards. When the Earth therefore is 
turned round, and a Spectator upon its Surface 


brought again to the Place he was in at the be- 
N ome of the foregoing Day, it will not yet be 


oon with him, the Sun having advanced to the 


Eaſtward in the mean Time; fo that the Spec- Et 


tator muſt be carried father ſtill, vz2. ſo man 


Degrees as the Sun has advanced that Way, 
before he can be brought to the Meridian the 


Sun will then be in (a). No by reaſon of the 
(a) This is the Reaſon that the Length of the Day is not 


| exacily equal to the Time, in which the Earth performs its 3 


tation about its Axis, which is, as was obſerved in Note 5. 
Chap. * but 23 Hours 56 Minutes and 4 Seconds. 
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unequable and irregular Motion of the Earth in 


its Orbit, or, the irregular apparent Motion of 


the Sun along the. Ecliptic depending thereon, 


the Number of Degrees which the Sun advan- 
ces Eaſtwards each Day, is ſometimes greater 
, and. ſometimes leſs; and conſequently upon 


this Account, the Days mult differ one from 
another in Length; and therefore the Hours 


* alſo, fince * Day is ſuppoſed to confiſt of 
24, be it long or ſhort. 


II. Was the apparent Motion of the Sun 
through the Ecliptic uniform and regular, yet as 


the Ecliptic isoblique to the Equator, and there- 
fore 9 Portions of the one do not correſpond 
to equal Portions of the other; the Motion 
of the Sun, when referred to the Equator, 


would not be uniform; or, which is the ſame 


Thing, thoſe Points of the Equator which 


come to the Meridian with the 1 of the Sun- 


on different Days would not be at equal Diſ- 
tances one from another (a); which, as to the 
Time of the Sun's appearing in the Meridian, 


or its ſhewing the Hour of the Day 4 jor a. 


Dial, is the ſame as if it hadan irregular | 
along the Equator ; and therefore muſt cauſe. 


otion. 


the Days to be uncqual among themſelves. _ 
As theſe Cauſes are independent of eachother, 


they ſometimes conſpire together; ſometimes: 
they are contrary the one to the other, 


(a) This is eafily tried upon a Globe, where if a bring 


every tenth Degree of the Ecliptic to the brazen Meridian, we 


ſhall find that each tenth N of the 9 will not come- 
- hither "A 17 


The 
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The Time which an uniform Motion would 


8 aac out, is called meas Time; and that which | 
is indicated by the Sun, is apparent Time; and 


the Difference between theſe is. termed the 
Equation of Time. When the above-mentioned 
Cauſes have continued for ſome Time, to ren- 
der the apparent Motion of the Sun too quick 

or too flow; this Difference is confiderable. 
About the 2d of November, it is the greateſt 
of all; at which Time the Sun 1s 16 N 
5 5 14 Serqnde me fal | 
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Eras. Of which | in their Order. 


IS. 


By a Day, according to the moſt natural add 5 
en Senſe of the Word, is meant that 


Space of Time durm which it continues to 


be Light, and thus it is oppoſed to that wherein 


it is Dark, which is called the Night. But 
this Space of Time being ſomewhat vague and 


indeterminate, . the Time between the ooo 8 


Riſing and Setti is uſually looked u 


the Day, and the Time which lapſes from 114 
But 


boars OY again, the VO 


me. are prinei= 5 


Uy diſtinguiſhed b y Days, Hours, 
Weeks, Months; Years, 88 Periods, and 8 


11 
* 


5 ” Of the Dolton gr Time, Part V 
But the Word Day is N taken in a 
8 Fro r Senſe, ſo as to inchude alſo the Night, 
3 N to denote the Time of an whole apparent 
RNevolution of the Sun round the Earth. In 
this Senſe it is called by ſome'a natural Day, 
| and by others an artificial one; but what ſome 
call the Artificial, others call the Natural. To 
avoid which Confuſion, it is uſual to call it in 
the former Senſe, ſimply the Day, and in the : 
latter a Nachthemeron ; by which Term that 
Aͤcceptation of it is aptly denoted, as being a 
Word that implies both Day and Night (a). 
The Nuchthemeron is divided into 5 arts, 
called Hours, which are of two Sorts, Equal, - 
and Unequal or Temporary. The common 
Diviſion of the equal Hour is into Halves and 
Quarters : But Aſtronomers, and thoſe who 
are more accurate in their Account of Time, 
divide the Hour into fixty Parts, called Mi- 
nutes, and theſe again into fixty Parts called 
Seconds, &c. And here we may obſerve, that 
the Word Minute 1s taken in a double Senſe, 
either to denote the fixtieth Part of an Hour, 
and 1s therefore, by Way of Diſtinction, ſome- 
tmes called an Horary Minute; or elſe to fig- 
nify the ſixtieth Part of a Degree, in which 
Caſe it may be called a n ane, or 
Minute of a Degree. 
Different Nations and People begin their 
Day at a different Hour. Thus the gyptians 
began their Day at Midnight; from whom 
© A Greek Compound of e Night, and nuige Day. 


Exper- 5 
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Hipparchus introduced that Way of reckoning 
into Aſtronomy, and Cora and others 
have followed him. But the greateſt Part of 
Aſtronomers reckon the Day to begin at Noon, 
and ſo count 24 Hours till the Noon of the 
next Day, and not twice N A * 
the vulgar Computation. 
The Method alſo of beginning the Day 
Midnight prevails in Great- Britain, W 
Spain, and moſt Parts of Euro 
The | Babylonians began their Day at Sun- . 
rifing, reckoning the Hour immediately before 5: 
its riſing again, the 24th Hour of the Day. 
From wherice the Hours reckoned in this 
Manner are called the Babylonic. + + 
In ſeveral Parts of Germany, they begia 
their Day at Sun-ſetting, and reckon on till it 
ſets the next Day, calling that the 24th Hour. 
Theſe are uſually called the Tan Hours. 5 
The Jeu alſo began their Nuchtbemerenn 
at Sun-ſetting, but then they divide it into 
twice twelve Hours as we do, reckoning 12 
for the Day, be it long or ſhort, and 12 for tb 
Night (a). 80 that their Hours continually 92 


(a) According to this Way of Reckoning, che Hours of the 
b Day mentioned in Scripture are to be underſtood. The Fervs 
yr alſo divided the Night into four Quarters, called Fatches, each 


Watch containing threeof their Night Hours ; and diſtinguiſhed 
them ſometimes according tothe Order of their Succellion 'Thus - 
1r we find in Scripture Mention of the ſecond, third, and fourth 
KY Watch, ſometimes the firſt Watch was called the Beginnin of the 
ns Watches the ſecond, the middle Watch, as not bein * till 0 
m Midnight; and the fourth; the Morning Watch. e firſt alſo , 
was ſometimes termed: the Evening; the ſecond Midnight ;. the 
| third, the W and the fourth, the Dawning of the Day. 
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varying with the Length of the Day and 
Fo Night the Hours of the Day were longer 
than thoſe of the Night one half of the Year, 
and the (contrary. the other. From whence 
their Hours are called Temporary: Theſe at 
the Time of the Equinoxes become equal, be- 
. cauſe the Days and Nights are ſo then. The 
Roman, alſo reckoned their Hours after this 
Manner, as do the Turks at this Day (a). 


A Week conſiſts of the ſeven Days in moſt 
Countries, called after the Names of the Planets, 
as qbſerved in the foregoing Note, But be- 
cauſe Eafter Week was formerly eſteemed the 


(a) This Kind of Hours are alſo called Planetary, becauſe 
the ſeven Planets were anciently looked upon as preſiding over 


' - the Affairs of the World, and to take it by Turns each of theſe 
Hours, according to the following » Saturn firſt, then 
| Jupiter, Mars, the Sun, Venus, Mercury, and laſt of all the 
Moon. Hence they denominated each Day of the Week from 
| : that Planet whoſe Turn it was to reigz or preſide the firſt Hour 
Hf the Nuchthbemeron. Thus aſhgning the firſt Hour of Saturday; 
to Saturn, the ſecond will fall to Jupiter, the third to Mars, 
and ſo the twenty-ſecond of the ſame Nuchthemeron will fall to 
Saturn again, and therefore the twenty-third to Jupiter, and the 
laſt to Mars. So that on the firſt Hour of the next Day, it will 
fall to the Sun to preſide. And by the like Manner of reckon- 
ing, the firſt Hour of the next will fall to the Moon, of the next 
to Mars, of the next to Mercury, of the next to Jupiter, of the 
next to Venus. Hence the Days of the Week came to be diſ- 
tinguiſhed by the Latin Names of Dies Saturni, Solis, Lune, 
'Martis, Mercurii, Jovis, and Yeneris; and among us by the 
Names of Saturday, Sunday, Monday, Tueſday, Wedneſday, Tuns | 
day, and Friday. For as Saturday, Sunday, and Monday plainly 
denote the Day of Saturn, the Sun, and the Moon; ſo Tugſday, 
: Wedneſday, Thurſday, and Friday, denote the Day of Tuiſ/co, 
2 yo? and Friga, 3 are the Saxon ab yg” re- 
ively anſwering. to Mars; cury, Jupiter, * Venus, © 
F: 's Chronol. Chap. I. oy « 3 12970 8 
* firſt 
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firſt or principal Week of the Vear, and each 
Day thereof was a Feria or Holiday; hence 


| che ſeveral Days were diſtinguiſhed among the 

primitive Chriſtians, by the, Names of Feria 
prima, ſecunda, &. that is, the- firſt, ſecond 
_— Se. But the Sunday, or Feria 


Was otherwiſe {tiled by them the 


| n ay, as et en of riot 


r pes (e. 


Months are iftinguiſhed principally. into 
two Sorts, viz, Solar and Lunar. The Solar 
Month is either A/ironomical or Civil (d). The 
Lunar Month is divided into Periodical, Synadi- 


cal and Civil. The Afrronomical Solar Month 


is the Time the Sup takes up in paſſing thro 


| ws of the Signs of the Eeliptic. 


The Periodical and Synodical Lunar Manks 


| * already been obſerved ; the former to be 


equal to the Revolution of the Moon about 
the Earth, viz. 27 Days, 7 Hours, and 43 Mi- 


nutes; the latter, the Interval of Time that 


lapſes, between two ſueceeding Conjunctions of 


. the Moon with the Sun, viz. 29 eee 12. 
We; 44 Minutes, and 3 Seconds. 


(a) The Hebrew Word which in the Old Teſtament is ten- 


dered Week, ſignifying a Collection of ſeven, is there ſometimes 
uſed for ſeven Years ; and in Conformity thereto, our Zng/iþ 


Word Week in thoſe Places muſt be underſtood to imply not a 
Week of Days, but a Week, or Syſtem of ſeven Years, 


(5) A Month or Year is denominated Civil, from its being 
of tia Uſe in any FRIES, Society of People, 


n N : ; | 1 Now 
- a 2 7 


4 
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Now a in common Uſe it would be 


inconvenient to have the Months to conſiſt f 
odd Pieces of Days; it was uſual among the 


Fews, Greeks, and Romans, (till Julius Cafer 
made an Alteration) in order to adapt their 
Months to the apparent Motion of the Sun, 

to have their Months conſiſt of 29 and 30 Days 
alternately, one of theſe Numbers being about 
half a Day above, and the other about half a 
Day leſs than the Synodical Month; ſo that 
by this Means the ſame Appearances of the 


Moon would happen nearly on the ſame Day 
of the Month for a long Time together. This 


Month, thus adapted to the laſt mentioned 


OE: lunar Month, is called the Civil lunar Month; 


and is ſtill made uſe of by the Turks. 
The Egyptian Months conſiſted of 30 Days | 


*, © Oh, 12 2 theſe make a Year wanting 


Days, which they added to the End of the 
Vear, and from thence called them a ek 
, or Supplemental. 8 5 
Now becauſe 12 civil lunar Masche want 11 
Days of a Vear, it is evident that the ſeveral 


Seaſons of the Year muſt in Time fall upon : 


different Months; to prevent which, Julius 
Cæſar ordained, that the Month ſhould not 
be taken from the Motion of the Moon, but 
from that of the Sun; that they ſhould conſiſt 


alternately of 30 and 31 Days, and that Fe- 


bruary ſhould contain 29, and every fourth 

Lear 30. But it happened afterwards that the 

Name of the fixth Month, which was formerly 
—_— 


Solar Months. : 


- < VV WT .-v W „ 
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| Sextilis, was in Honour of the Emperor Au- 
guftus changed for that of his, as that of the 


for 


according to the Inftitution of Julius Cæſar. 
one more was added to it, to make it equal to 
the foregoing one, that the Honour paid to the 


Son might not ſeem to fall ſhort of that which 


was paid to the Father. Upon this, the next 
Month, ,viz. September, was'reckoned but 30. 
the next 31, and ſo on, that the alternate 
Order above-mentioned might not be deſtroyed, 


till January, which, according to that Order, 
ought to have had but 30. But this Month 


being ſo named in Honour of Janus, the God 


of Time, it was thought improper to rob the 
God of a Day, wherefore Februa 


6 1 was re- 
duced to 28, and every fourth Year to 29. 


And ſo the Months came to ſtand as they are 
in our Kalender, from whence they are called 


Kalender Months. Theſe ate properly coil 


The principal Diviſion of the Year: is alſo 
into two Kinds, vis. Solar and Lunar; each 


of which are again divided into Aſtronomical 


| and Civil. 


The Aſtronomical Solar Year is of two Kinds, 


viz. Tropical and Sydereal. The former is the 
Space of Time which lapſes while the Sun ap- 

pears to move from either of the Solſtitial or 
N Equinoctial 


egoing Month 2 wintilis had before been, in | 
Honour of his Father Julius; and therefore 
ſince this Month conſiſted but of thirty Days, 


- e 


1 


\ | 
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— Points to the ſame a gain. Now 
2 Reaſon of the continual — — of the 
ſaid Points, whereby they do as it were meet 
che Sun, this kind of Year 5 is ſomething leſs 
than the Syderea/ one; which is the Time.; in 
Which the Earth performs an entire Revolution 
in its Orbit, or in which the Sun ſeems to paſs 
from any fixed Star to the ſame again. The 
former conſiſts of 365 Days, 5 Hours, 48 Mi- 
nutes, and 57 Seconds; the latter of 365 Days, 5 
6 Hours, 9 Minutes, and 14 Seconds, .and is 

alſo called Periodical, or Anomaliſtical. The 
Aſtronomical Lunar Year conſiſts of 12 Synos 
dical Months; and is therefore 354 Das. | 
8 Hours, 48 Minutes, and 36 Seconds. | 

The Civil Lunar Year is alſo of two Kinds, 
vis. moveable and fixed; the moveable civil 
Lunar Year conſiſts of 12 civil Lunar Months, 
. which being but 3.54 Days, falls ſhort of a Year: 
by 11 Days, fo that the beginning of this Year 
varies with reſpect to the Seaſons, till it runs 
through them Ml, which it does in about 32 - 
Years Time; and from hence it is denomi- 
nated ae or the wandering Lunar Year : 
As the. Turks: now make | Uſe of the civil 
Lunar Month, fo they alſo do of this civil 
Lunar Year. 

In order to render this Kind of 7 — fixed, 
that is, to prevent the Seaſons. from ſhifting 
from one Part of it to another, the Greeks, 
and the Romans, till Julius Cæſar's Time, after 
. ** Veen e a Month of thirty- 


three 


three Days, which they called Embolimaus, or 
_ the Fntercalary Month. | © 5 
But becauſe this Method is not ſufficient, 
a Gr the civit Lunar Years fall ſhort of the 
Aſtronomical Solar Years above 11 Days,) 
others adapt ſuch Intercalations to them as do 


in a Manner render the Beginning of them fixed 2 


to the ſame Part of the Solar Year. Hence 


Luni-Solar Years. Years of this Kind are uſed 
Rome, in their Eccleſiaſtical Affairs. 


moveable or fixed. The moveable one was in 
Uſe among the Egyptians, and is from ene 
called the Egyptian Year. It conſiſted of 3 
Days, and therefore fell ſhort of the ks 
Year, with which all the Seaſons return, near 
ſix Hours, ſo that four ſuch Years are leſs 


all the Seaſons. 


ther, was of the ſame Length (a) ; Julius 


2 For havin "gs as obſerved above, fix Months of 29 Days 
each, and fix of zo, and an Iatercalary Month of 3 3 

the End of every third Year ; their Years conſiſie one with 
another, of 15 ays. 
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theſe Years properly intercalated are called fixed , 
Lunar Years, as alſo from their Dependency _ 
on the Motion both of the Sun and Moon, 


by the Fews, and the Clergy of the Church of 


The civil Aſtronomical Year is alſo Adder 5 


than four Aſtronomical Solar ones, by almoſt 
a whole Day, and therefore in 1460 Years, 


the Beginning of the Year would: paſs through . 


Although the Romans did not uſe this Kind 
of Year, yet theirs, 2 Vear with ano- 


Days, at 


N  Cafar 


, 
* 
* 
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: Char therefore to . fix this Year, -when he 


, reQified the Kalendar, and threw out the civil 


Lunar Months, to make up the fix Hours 
which this Yearwants of the true. Aſtronomical 
' Solar Year, and with which only the Seaſons . 

keep Pace, ordered that every fourth Year 
ſhould have an Intercalary Day, z. e. that a Day 
ſhould be added to the Kalendar, over and above 
thoſe it contained the other three, or that every 
fourth Vear ſhould contain 366 Days. Hence 
it was that, as we obſerved above, February 
dame to have 29 Days every fourth Vear. But 


5 he did not add it to the End of the Month, 


but ordered that the ſixth of the Kalends of 
Merch, which according toour Way of Reckon- 
ing is the 24th of February, ſhould be reckon- 
ed twice. Upon which Account that: Year was 
wont to be called Biſſextilis, and is ſtill re- 
tained by us under the Name of Leap Year. 
From hence, Years reckoned aſter this Man- 
ner are called Julian Vears. 

But, however, the Year was not . 1 
= this Means, for it was now, too long by 
about eleven Minutes, and therefore varied 
from the Sun about a Day in 131 Years. | 

that from the Time of the Nzcene Council, 
which the Rule was eſtabliſhed for the Te 
of celebrating Eaſter) to the Vear 1582, in 
which Pope Gregory. the 13th undertook a 
farther Reformation of the Kalendar, there 
Was found to have roſe a Variation of 10 Days, 
8 the vernal- he EI PIE obſerved to fall on 


the 


8 « 


* 
1 


- the 11th of March, which at the Time of the 


therefore, in order to bring back the Equinoxes 
to the Time of the Year they fell upon' at the 
Tinie of that Council, took thoſe ten Days 
out of the Kalendar, by ordering the grthof 
October, 1582, to be reckon'd the 1 5th, which 
neceſſarily removed the following Equinox 
from the 1 ith to the 21ſt of March. And to 
prevent the Seaſons of the Vear from going, 
backwards for the future, he ordered that everx 
hundredth Vear, which according to the Form 


 ſextile or Leap Year, ſhould be a common one, 


fourth hundred Vear, which was to remain 
Biſſextile or Leap Year, as before. 


Gregory, is called the Gregorian Account, or 
the New Style, as being new in Compariſon of 
that eſtabliſhed before by Julius Ceſar, which 


Places where the Papal Authority is acknow- 
ledged ; and alſo, towards the End of the laſt 
Century, it was received by many of the re- 
formed People in Germany; as it was in Great- 
Britain and Ireland in the Year 1752; but in 
in ſome reformed Nations of the Northern Parts 
a of Europe, the old Julian Form is ſtill retained. 
re But above an hundred Vears being now lapſed 
85 ſince the above- mentioned Reformation of the 
Kalendar, and the hundredth Vear not bein 
es . ma 


S. 


and conſiſt only of 365 Days, except every 


This Method being eſtabliſhed by Pope 
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Nicene Council, fell on the 21ſt. The Pope 


inſtituted by Julius Cæſar was to be a B 


— ” 
- 


[ 


is now called the Old: It is obſerved in all | 
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made a common one, as in the Gregorian Me- 
-* - thad; the Gregorian Account differs now from 

+ the Julian one Day more than it did at its firſt 


F 
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Inſtitution; ſo that that Day, which according 


to the Old Stile is the firſt of the Month, is the 
Isth of the fame according to the New. 
As the Form of the Yearin different Nations 


1s various, ſo alſo is the Beginning of it. Thus 


mme Jews begin their Eccleſiaſtical Year with 


the neu Moon of that Month whoſe ſull Moon 


Happens next after the vernal Equinox. The 


the Vear. 


the Year 3 which Met 


Church of Rome, with the that falls 


. . upon the faid ſull Moon, or that happens next 
after it; that is, with the Feaſt of ce! 


| Refur-. 
rection of our Lord. The Grectans began theirs 


with the new Moon that happened next after 
the Summer Solſtice. And the Romans an- 


ciently began theirs with the new Moon next 


_ after the Winter Solſtice. The Venetiant, Flu- 
rentines, Piſans in Italy, and the Inhabitants of 
Tyiers, or Treves, in Germany, make the vernal 
Equinox the Beginning of their Year. The 
ancient Clergy made the 25th of March, or the 
_ Feaſt of I e the * of 
reh of Eng- 


nod the Chu 
land retained until the 31ſt of December, 1751; 
when by an Act of Parliament, paſſed in the 


_  a4thof George II. the old Supputation ceaſed, 


ed the firſt Day of the Year ; ſo that we, with 


© the neighbouring Nations, now account the 


firſt Day of January to be the W . 


. 
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The Perfians Kill retain the Egyptian Year, 


2nd the Period in which the firſt Day of it 
paſſes through all the Seaſons of the Aſtrono- 


mical Solar Year, viz. 1460 Years, they-call 
the Sorhiacal Period, or great Dog: Star Years 


as being reckoned to begin in that Year in 
which the Dog-Strar (or Sorbit) riſes Heliacally - 
on the firſt Day of the Month Thoth, which Wy 


is the firſt Day of their Year. 


eo? Cy cle 1s a 3 and enen 13 ; 


lution "of a certain Number of Years. The 


Cycles are four, viz. the Cycle of the Sun, the 
Cycle of the Moon, the Cycle of Diony/us,.. 


© Cycle of the Indiction. 


In order to apprehend the Foundation and 2 
Nature of the Cycle of the Sun, it muſt be ob- 
ſerved that to each Day of the Year there is aſ- 


ſigned in the Kalendar, ſome one of the firſt 


ſeyen Letters of the Alphabet A, B, C, D, E, 
F, G, the firſt Letter A being affixed to the 


firſt Day of January, to the ſecond B, and fo 


to G. After which the Letters are repeated 
again in the ſame Order, A falling to the Sth, 


B to the gth, &c. By which Means, becauſe 


the common Year contains 52 Weeks and one 


Day over, the laſt Day of December has alſa 


the Letter A affixed to it. The Letters being 


| . in this Manner to each Day of the 
Year, it follows, that which- ever of the Letters 
belongs to any 


rticular Day in the firſt Week 
of thee 


at Letter will belong to the. 
VU 3 - ame 


8 1 
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_ fame all the Year long. But fince the ſame 


Letter, viz. A, is affixed to the laſt, which 
is affixed to the firſt Day of the Year, it 
is obvious, that at the End of one Year, and 
Beginning of the next, two ſucceeding Days 
will have the ſame Letter A; ſo that if 
Monday had an A in the laſt Year, Tuęſday has 
it this, and Monday the G: And therefore the 
Letters will move backwards with reſpeck to 
the Days of the Week; for Inſtance, that 
Day which has G one Year, will have F the 
next, after that E, then D, and ſo on to A; 
and conſequently the ſame Day will run 
- - through the ſeven Letters in ſeven Years Time. 
- But before the ſeven Years are expired, a Leap 
Year will intervene, having one Day more 
than common, which Day is added at the 24th 
of February (a), and has the ſame Letter that 
the 24th has, ſo that in this Caſe, as there. 
was a Change or Regreſſion of the Letters, 
with reſpect to the Days of the Week, upon 
the Account of two Letters coming together at 
the End of one Vear and the Beginning of the 
next, there will be another like Change in 
February alſo ; and therefore, as in the former 
Caſe, the ſame Letter would have run through 
all the Days of the Week in ſeven Years; 
this ſecond Change happening once in four 
(a) Some ſay it is added after the 28th, and that it has the 
_ ſame Letter with that. From this Uncertainty there ariſes a 
Difficulty in fixing the Day of the Celebration of the Feſtival 

of St. Matthias, which has occaſioned a great Diſpute among 
the Learned, | 3 RS 
1D Years, 


1 


«4.4 
* 


after four Times 7, or 28 Years. 


Thus, ſuppoſe a Leap Year begins with A | 
Sunday, it will end with a Monday in which 


Caſe, A and G will be the Dominical or Sunday 


Letters, becauſe A is approptiated to the firſt 


of January, and G to the zoth of December: 


But ſuch another Year cannot return till after 


28 Years, as any one that tries will readily find; 


the Conſequence of which is, that thoſe two 


Letters cannot be Sunday Letters again in one 


Year, till after that Space of Time. And be- 


cauſe the ſame Sunday Letters do return after 
every 28 Years, that Term is called the Cycle 
of the Sunday Letter, or otherwiſe, though not 


| ſo properly, the Cycle of the Sun. The ninth 
Pear before our Saviour's Birth, was the ark 


of this ee 0 oo A 


The cycle of the Moon is a Revolution of 
19 Vears; after which Time, as was anciently 


ſuppoſed, the new and full Moons would fall 


upon the ſame Days of the Year again (a). 
This Cycle is therefore of great Note. in the 
Chriſtian Church, a Method founded upon this 


Suppoſition, being eſtabliſhed by the Fathers of 
the Nicene Council, for finding the Time of ce- 
lebrating Eaſter, and the other moveable F eaſts 


of the Church for any Time to come. 


(% This is alla called the Metonic Cycle, tom Merom, u, 
U 4 ee 


Author of it, 
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| Years, the Courſe of the Letters is ſo oft inter- | 
1 . 0 that it does not become the ſame again, 
til 


8 1 
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of Eaſter, ſucceeded the Jewiſb one, the Time 


In order to underſtand which, we muſt ob- 7 
_ ſerve, that as the Chriſtian Paſſover, or Feſtival 


of its Celebration was regulated by that upon 
Which the Fewyb Paſſover was at its Inſtitution, 
by God himſelf appointed to be kept; which 
Was on the fourteenth Day of the firſt Month, 
according to the Manner of reckoning among 
the Jes, Exod. xii. Now the Jewiſb Months 
being lunar ones, each Month began upon the 
Day of the new Moon, or however at the Time 
of its Heliacal riſing, and fo the full Moon fell 
upon the fourteenth of each Month. And fur- 
ther, that Month was called the firſt of the Year, 
- whoſe full Moon, or fourteenth Day, either fell 
upon the vernal Equinox, or was the firſt that 
.- ſucceeded it. And at the Time of the Nicene 
Council, when the Rule for finding Eaſter was 
drawn up, the Equinox fell, or was thought to 


fall, on the 2 tſt of March. But becauſe our Sa- 


viour's Reſurrection, which the Feſtival of Eaſ- 
ter is deſigned to commemorate, happened on a 
Sunday; it was ordered that it ſhould not be kept 
on the full Moon, but the Sunday fen. | 
Accordingly the Rule then eſtabliſhed for find- . 
ing Eafter, and which is ſtill made uſe of by the 


Church, runs thus; Eafter-Day is always the 


firſt Sunday . after the firſt full Moon, which 
happens next after the one and twentieth Day f 
March. And if the full Moan happens upon a 
Sunday, Eaſter-Day is thg Sunday after. 

The Foundation of the Rule being thus ex- 
plained, it remains now to ſhew the — | 
> Yate 392 > O | 
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of it, which is not ſo obyious as at fiſt Sight 


| OR, 


t is to be obſerved then! that in order to 


| find on what Days of the Year the new and © 


full Moons would happen for the Time to 
come, the ancient Method was to obſerve on 


what Day of each Month the new Moons fell 
in each Year of the Moon's: Cycle, and to the 


ſaid Days reſpeQively to ſet the Number of 


the Year in their Kalendar. Thus, obſerving 
that the new Moons in the firſt Year of the 
Cycle fall on January the 23d; February 21, 


March 23, &c. to thoſe Days they afhxed the 


Number 1. And in like Manner obſerving, 
that, in the ſecond Year, they fell on January 
12, February 10, March 12, Cc. to each f 


them they put the Number 23 and ſo for each 


Vear of the Cycle. And on Account of their 


great Uſefulneſs, or becauſe they were wrote 


in Letters of Gold, the Number thus ſet to 
the Days on which the new Moons fell, were 


called the Golden Numbers (a). 


The Numbers being thus affixed in the 5 


Kalendar, it is only looking for the Golden 


Number of any Vear, and over of th Ye it you 
have the Day of each Month o 
on which the new Moon ha 


that Year, q 


Thus, at the Time of the Nicene Council the 


Time of the new Moons might be accuratelß 
(a) In the Table for finding Zafer for ever in ſome Common 


Prayer-Books, the are ſtiled the Prime, probably from their be- 
ing the firſt Number, or the principle on which all the ecclefi- 


altical * and ĩts Computations depends, 
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enough found, but not at this Time, becauſe 


the new Moons do not happen at the ſame 


Time of the Year every 19 Vears, but fall 
ſhort an Hour and an half, which in 304 Vears 


comes to a Day, ſo that now the new and full 


Moons fall almoſt 5 Days ſooner than they are 
ſhewn to do by the Golden Numbers, affixed 
to the Kalendar. The firſt Year of Curie was 
the ſecond of this Cycle. 

However, as no proper Authority has inter- 
vened to alter the Method of finding the Eaſter 
full Moon. by the Golden Numbers, eſtabliſhed- 


gat the Nicene Council, that Method is ſtill re- 
_ tained in the Church. And therefore to under- 


ftand the above-mentioned Rule aright, it muſt. 


be ſuppoſed, that by the full Moon is meant 
the Time of the full Moon as found by the 


Golden Numbers affixed to the Kalendar in the 
Common Prayer-Book, and not the true full 
Moon, as found in an Almanack, or by Aſtro- 
nomical Obſervation (a). 

But by the Act of Parliament for altering 


the Stile in England and the Britiſb Domini- 
ons, paſſed in the Vear of our Lord 1751, it 


is enacted, That in all future Kalendars the 
Golden Nambers ſhall be fixed to certain Days 


5 in March and April, which Days are to be 
deemed the Nays of the Paſchal full Moons; 


(a) By the above-mentioned Method the true new Moon may 


Eh at any Time be found, if we deduct five Days in Confidera- 


tion of the above-mentioned Deficiency in the Moon's Cycle, 


- and ſuppoſe the new Moon to fall five Days ſooner than that 


Method ſhews it to do. 
| and” 


- 


; 
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and therefore, according to the Rule in the 
Common Prayer-Book,” the Sunday following 

js to be Eafter Sunday. *= the States, Anno 
24 Georg. II. Chap. 23 : 
'The Kalendar Year config of 365 5 Days, 
and each Revolution of the Moon being 2 
Days and an half; it follows that there will 
be 12 Revolutions of the Moon in each Year, 
and 11 Days over; fo that on whatever Year 
the new Moon happens on the firſt Day of 
the Year, it will happen alſo that Year eleven 
Days before the End of it; the next Year 22 
Days before the End of it; the next 33 (chat 
is, caſting out 30, as is the Way, for one en- 


8 


. tire Lunation) 3 Days before 4. End of it, 

1 and ſoon; except that in computing the Epat# 

1 for each Vear whoſe Golden Number is one, you 

8 are to caſt away 29 only. Theſe Numbers are 

1 the Epact. Their Uſe is to find the Moon's b 
— Age at any Time. You add together the 
8 | Epadt for the Year, and the Number of the "" 
8 Months from January incluſive, and you have | 
2 the Age of the Moon when the Month be- 

* gins; add r pr the Day of the Month 

v4 to this Sum, and you have the Age of the 


/s Moon at that Day. But this Way of reckon- 


ing is very groſs, and will err from the Truth 
a whole Day ſometimes. 


In the new Stile received in England, the . 
Golden Numbers are as they were: the E- 


(a) But note; theſe Da s will not al be th D of 
the real full Mcons. : n 9 
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4 36 5 Days only. 


fame Days of the Year. From whence this 
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50 fatts are 11 leſs than before; and when the 
Golden Number is one, the Epact is o. The 
| Golden Number for the Year of bur Lord 

1760 was 12, and the Epa## for the ſame 
Year was 13, and that Year was Leap Year, 

and had for its Swiday Letters Fand E. And 
. It is further enacted by the Act above referred 


to, That every four hundredth Year, of which 


the Year of our Lord 2000 is to be the firſt, 
| ſhall conſiſt of 366 Days, that is, it ſhall be 


a Leap Year, as it would have been had no 


| Alteration been made; but that each other 
 Hundredth Year, which uſed alſo to be Leap 


Year, ſhall not be ſo; that 1 is, it ſhall contain 
By multiplying the Cy cle of the Sun and 


together, we e a third Period, con- 


taining the Properties of both the other two, 
ſo that at the End of this Cycle not only the 
Days of the Week have the ſame Letters be- 
longing to them, and fall on the ſame Days of 
the Month, but the new and full Moons alte 


fall on the ſame Days of the Year, fo that the 


Time of celebrating Eaſter, and the other 


Feſtivals of the Church, return to the ver 


1 


is called the great Paſchal Cycle, and ſome- 


times, from its Author, the Diony/fan Cycle (a). 
It conſiſts of 5 32 Vears, and the firſt Year of 
it was 457 Years before Chriſt. — 


(a] This is alſo called by ſome the Viaorian Period, 


The 


fy "> — 3 „ TEC 17 
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The Cycle of tbe Indictian is a Revolution 
7 Vears, made uſe of by the ancient Romans _ 


riod, at every Expiration of which, Tri- 
bio was coll eQedfiom theconquer d Provinces. 


It has no Relation to the Motions of the Hea- 


veply Bodies. The Nativity of our Saviour fell 


upon the 4th of this Cycle. 
Buy multiplying the three Cycles of” the "TY . 
Moon, and Indiction together, ariſes a Term 
of 7980 Years, called the 


Julian Period; 
which, as it began ſeveral Hundreds of Years 
before: the Creation, and is not now ended; 


and in all Probability. will not, fo long as be 
World ſtands, is of fingular Uſe in Chronolo- | 


gy, as taking in all S aces 4 both paſt, rd ö 
to come. 


Tb Period win tnwelizod by Toſeph Scaliger, 


and began 4713 Vears before Chriſt. 


An Ara, otherwiſe called an Epoch, is =. 


Continuation of Time beginning from ſome - 


certain Point, as from a Root, and continually 
r forward without beginning again. 
That which is of prineipal Note . 


| Chiltins: is the Era of Chriſt. 


The Author of this Ara was- Dionyſus 
Exiguus, who flouriſhed about 500 Years after 
Chriſt. He began it 6n the Annunciation of 


the Virgin Mary, or the 25th of March: the 
| 25th of March, as he ſuppoſed, immediately 
preceding the Nativity of our Lord: but it is 

now generally thought that our Saviour was 


born the December before that: wherefore 


others, 
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5 others, beginning the Era fromthe Nativity 
- itſelf, or the 1 of January following it, 


reckon almoſt a Quarter of a Vear before thoſe 
who adhere to the Diænyfan Account. | 
The Engliſb and Iriſb ſtill adhered to the 


Diomſian Account in their eccleſiaſtical apd 


civil Affairs, till the Alteration of the ville 
above - mentioned, though they themſelves and 
all the reſt of the World, in common Ac- 
count, had laid it aſide for that which begins 


at January the. firſt. This Ara is frequently 
_ reckoned backwards, as well as forwards: 
Thus, it is uſual to ſay an Event happened 
| fo many Years before Chriſt. 


The firſt Year of this Era, N 


92 What was obſerved above, anſwers to "the 
[ Rs © 4714th of the Julian Period. | 
IIluhere are ſeveral Epochs or Ara's of leſs. 


Note, which I ſhall but juſt mention; this 
_— having already run out to a much 


greater Length than I at firſt intended. 


The Era of the Creation, according to the 
Greek Church, and which is now in Uſe amongſt 
ſome Eaſtern Nations, begins before the Ju- 
lian Period, viz. 5508 Years before Chriſt. 


Tho others, among whom are the greateſt 
Aſtronomers, begin it ſomethin gi leſs than 
. 4000 Years before our Saviour's Birth. 


The Ara of the Dęſtruction of Troy, cds 
ing to Dionyfius Halicarnaſſeus and Diodorus 


Sliculus, begins 1181 Years before Chriſt, 


* Era of the — n B 
in 


Ch. XVII 07 . Bitis f Thi ime. 3 19 5 
0 Uſe among the Greeks, 776 before Chriſt. ' - 


The Ara Urbis Conditæ, or of the Building 
1 of Rome, made Uſe of by the Romans, accord- 


ing to Varro, began 753 Years before Chriſt 5 x 


according to the Faſſi Capitolini, 752. 


The ra of Nabonaſſar, made Uſe of | by ? 


the Chaldeans and Egyptians, famous among 


| Aſtronomers, as confitting of Egyptian Years, 


which are diſturbed. by -no Intercalation, Je 
begins 747 Years before Chriſt. 


The Ara of the Death of. Alexander the 


Great, 324. 
The Era of the City of e W : 


The Era of the Jaller e Y uh 


Kalendar, 45. 
The Ara 5" Joy 30. 


The Dioclgſian Ara, 284 Rae after Chriſt. 


The Ara of the Hegira, or Flight of Mahomet, 
ufed by the Turks and Arabs, 622 after, Chriſt.” 


The Era of Teſdegird, or Kani Era, 
0 32 after Chriſt. 


VM. B. A Lear in 1 Era's of he Death * 
of Alexandar, and of Nabonaſſer, conſiſts but 


of 365 Days; and a ear of that of . 
on 18 ni 354. 


As, the: Subject. of this Chapter, though 
founded in Aſtronomy, , relates principally to 


the Science of Chronology, of which this Com- 


pendium is not deſigned to treat; I have little 
more than thrown a few Definitions together, 
leaving it to thoſe who. would ſee more on the 

Subject, 


— — 


— Os - 
9 
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| Subjed, + to conſult ſuch Anchors: 1 wrote 
more largely thereon; as Gregory, Keil, Wells, 


Part v. 


Wheatly on the Common- Prayer, Holder on 
Time, and n ns late a 56%, 


| en. 5 
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SECT. III. 


; of « * een, Cauſe. yo 15 Motion 


| 3 * the 1 Heavenly Bodies... 


"ot H A P. XVIII. 


of Of the F orces neceſſary to retain revolo- 
ing Bodies in circular and other Orbits. 


: And hf of Bodies revolving” in cir- 


-_ - - cular Orbits. | 
F N order that a Body may move round in 
the Circumference of a Cirele, it is requi- 


ite, that as ſoon as the Body begins to move; 


ſome Power or Force continually act upon it, 


nin ſuch Manner as to make it bend its Courſe 


every Moment towards the Center of the Cir- 


cle; becauſe, as is obvious to conceive, it would 
- otherwiſe only move right forwards (a); for 
in Conſiderations of this Kind, we do not ſup- 


poſe the revolving Body to be affected even by 
its own Weight, or any other moving Cau 


c whatever, except that whereby its Motion is 
* circular: And becauſe the Circumfer- 


Aan. n 
PV Ns e ence 
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ence of a Circle is every where equally diſtant | 
from the Center thereof, it is obvious there 
muſt be the moſt exact Adjuſtment imaginable 
between the Power that retains the Body in 
the Circle, whatever that Power be, and the 
Endeavour which the Body has to move right 
on in a ſtraight Line: For in Caſe the former 
be an over-balance for the latter, it will bring the 


Body nearer and nearer to the Center of the 


Circle. it ſhould deſcribe; and on the other 


Hand, if it be too weak, it permits it to move 


farther and farther off. So that the Body, 
inſtead of a Circle, will deſcribe ſome other. 


Figure, which will be of this or that Form, 


compared with the Power which bends its 


according as the Force the Body moves with, 


Courſe, is greater or leſs ;- and not only ſo, 


but as the latter, (which is ſometimes the Caſe) 
acts more or leſs powerfully, as the revolving 
Body comes [nearer or goes farther from the 
Point it revolves about. And here we may 


we have been ſpeaking of. Let a Ball be 


hung up by a String: This Ball, when drawn 


a little to one Side, will endeavour to return 
back to the loweſt Point, as if there were 
ſome Power ſeated in that Point to draw it 


thither from all Sides. But the Body may 


have a Caſt given to it ſideways in ſuch Manner, 


as that by Virtue of the Caſt, and by Virtue 


of its Tendency to the loweſt Point together, 
it ſhall deſcribe a m__ parallel to the, Hori- 


- aon; 


have Recourſe to a Fact obvious to every one, 
which will in ſome Meaſure illuſtrate what 
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2on; or inſtead of that it as REN to de- 


feribe other Fi igures, as ſuppoſe Ellipſes, which 
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will be of various Forms according to the 
Force and Direction of the Caſt given to the 
Ball. And if we ſuppoſe ſeverab Balls hung 
up, which when removed to egual Diſtances 
from their loweſt Points, ſhould tend thither 
again with unequal Forces, and theſe Forces 
urging them by different Laws and in different 
Manners; the Figures deſcribed by them, when 
- thrown ſideways with this or that Force and 
Direction, will be proportionally different one 
from another. Now in this Suppotition, the 
Caſt which is given to the Ball fideways, cor- 
| reſponds with the Endeavour which a Body, re- 
volving in the Circumference of a Circle or other 
Figure, has to move right on continually, and 
ſo to leave the Center it ought to revolve a- 
bout; and the Endeavour, Struggle, or Ten- 
dency which the Ball, when Journ to-one Side, 
has to move towards the loweſt Point, or ra- 
ther the Power which is, as it were, ſeated in 
that loweſt Point, and occaſions the above · men- 
tioned Endeavour or Tendency in the Ball to 
move thither, correſponds with the Power we 
ſuppoſed above neceſſary to retain a Body in the 
Circurnference of the Circle or other Figure 
it deſcribes, and which by bending the Courſe 
of the — * inwards, that is, towards the 
Center of the Figure, revents we 00 5 

; in/a ſtraight . Fo i oo 
Wie are therefore in the a \Plhoe, i to en- 
quire. W _ or __ Power 
daes R 13 


ſible at firſt Sight, but when meaſured by the 


Fd 8 48 7 ee rea 8 T 


poſes for which they were contrive 
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is neceſſary to bend the Courſe of a Body in 
ſuch Manner that it ſhall deſcribe this or that 


Orbit (a); but ſince the Planets both primary 


and ſecondary, as alſo. the Comets, deſcribe 


Orbits either circular or elliptical, as 'obſeryed . 
above, we will confine ourſelves [chiefly to tlle 
Con ſideration of the Forces neceſſary to retain 


revolving Bodies in ſuch Orbits. 


* - 
. 
7 


This Subject has been already touched upon 


in the firſt Part of this Compendium (5), under 


the Title of Centripetal and Centrifugal Forces; 


but little more is taken Notice of there, than 
what was requiſite to ſnew the Poſſibility of 
ſuch a Motion as we are ſpeaking of, and to 


explain the Terms, which are theſe that follow, 
vix. Centripetal Force, or that whereby the re- 
volving Body is prevented from going on in a 
er line: The Centrifugal Force, or that 

which it endeavours to go on in ſuch a Line. 
Theſe, like Action and Reaction, ate equal in 


la) For unleſo we can meaſure the Forces we aſſign, and ſay ' 
they are exactly equal to the Effects we ſuppoſe them to pro- 


duce, it would be in vain, to aſſign them at all. And this is 


what makes the Difference between true and falſe Philoſophy. 


The former bya mathematical Scrutiny, (as it vary a kind 
of Menſuration) finds that the Cauſes afligned are juſtly adapt- 


ed to the Facts accounted for; while the other, by a conjec- 


tural Kind of Method, aſſigns Cauſes which 122 are plau- 
Rules of Geome- 
try, are found either too ſmall or too great for the EffeQs they 
nee,, hes es Re 
1, Fhis was the Caſe of Des Cartes Vortices, the Doctrine of 


Which captivated the whole Philoſgphical World, and con- 
tinued to do ſo, till they were to Fe in that unerring Ba- 


lance, and thereby diſcovered to be inadequate to the Pury 
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all Caſes, and therefote called by one common 
Name, Central Fotces: That whereby the 
Body continues its Motion, is the Proje#:ile 

Force; and the Time in which it revolves once 
round, is called the Periodical Time. The 
ſeveral Caſes proper to be conſidered, ſhall be 
| comprized i in the following Propoſitions. . 
FE PRO PYOSIT ION I. 5 
When two or more Bodies revolve at ra} | 


” Diſtances from the Center of the Circle they 
_ deſcribe, but with znequal Velocities, the cen= 


tral Forces neceſſary to retain them, will be 


to each other, as the Squares of their Velo- 
cities. That is, if one Body revolyes twice 
as faſt as the other, it will require four times 
the retaining Force the other does; if with 
three times the Velocity, it will then require 
nine times the Force to retain it in its. ae 
&c. (a). . 

V.. We do e bree Sound the: Magnis 
tude of the revolving Body, becauſe we ſup- 
pots the Power at the Center to act upon every 

art of it alike, ſo that the larger it is, * 
more forcibly, in Proportion, it is acted u 
and therefore it is the ſame things whether it 
be large or ſmall. 

(a) Let BDF Fig. 25. repreſent 4 Circle wt Center 10 8. 
draw ABC a Tangent to the ſame at the Point B, and let a 
be a Body moving from A towards C, and let it be ſu 
to 'be deſtitute of Weight, or whatever elſe mi ght alter pore 
Courſe. In this Caſe it would deſcribe the * Line ABC; 
but when it comes to B, let it begin to be acted upon by ſome 


central Force, or retaining Power ſeated in 8, ſuch as ſhall 
bend its Courſe at B from a rectilineal to a circular one,. and 


„ afterwards in every a of: d th Tous 


Manner, 
m4: 
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Manner, ſhall canſe it to deſcribe the Circle BDFB, Let us 
then proceed to eſtimate the Quantity of Force exerted in pro- 
ducing one of theſe Bendings ; in order to which let us con- 
ceive a_ Point of the Circle as D to be the very next to the 
Point B, though taken at fome Diſtance in the Figure to avoid 


Confuſion of Lines. Parallel to the Diameter BF draw the - 


Line CD, and parallel to the Tangent B C, the Line DG, 
draw alſo the Line BD, which will be the Diagonal of the 


Parallelogram CG. Now it is well known that ſuppoſing = | 


Body would move from B to C, and by Virtue of ſome 
Force acting upon it at the ſame Time, would move 
B to G, it will neither move to C nor G, but to D; that is, 
its ſtraight Courſe will be len into a circular one at B, 


that is what is meant by its moving from B to D when B and 
D are contiguous, as is here ſuppoſed. B G therefore is the 


Space over which the revolving Body would move by that 


Action of the central Force which cauſes the Bend at B, or 


any other Point of the Circle. And as BG is equal to the 


Space over which the revolving Body would move by Virtue 
0 


the central Force, it will always be proportional to the Force 
itſelf. The Value of that Line 3s efore now to be deter- 


mined. join the Points D and F, then (by 31. El. 3.) he 


Triangle BDF will be right angled at D, conſequently 


(by. 8, and 6. El. 6.) BG: BD:;BD- BF, from whence | 
BG =>; but when B and D are contiguous (as is here 
ſuppoſed) the Difference between the Chord BD and the Arch | 
BD vaniſhes, fo that BG ===, Having thus found 


F . 


a Quantity proportional ta the Ad of the central Force re. 


giſite to retain a revolying Body in a Circle, we may proceed 
4 eſtabliſh the following fandamontal Lemma. 1 


F ö 


central Force, would move over in a given Time, 

Force only, is equal to the Square 2 the Arch deſcribed in that Time, 

CN Ars Alon als carter fe ing Body 
em. on of a cen orce upon a revolving 

is analogous to that of Gravity upon falling Bodies, and there- 

fore the Space a Body would move over by Virtue of that 

Force only, is as the Square of the Time that Action con- 


of 
tinnes: As then the Square of the Time the Arch RD is 


deſcribed in (the Painty B 1 2 being contiguous as before) 
3 Flor Jas " 


' 


a 
om 


| The $ that a Body retained in a Circle, 1 e ay : 
Fore Ly 


3 1 af os, = 
„„ ot. DE. pr nee BG _— 
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ki 9 Gbich, by what was ſhewn aboye, is a Quantity 

= 2 to the Space the Body would move over towards the 
Center in that Time, ſo is the Square of the Time given to 

che Space the Body would move over by Vietue of that Force 

in that Time. If we then put 7 to expreſs the Time the Arch 

B D would be deſcribed in, T for the Time given, and S che 

"Tims the Body would move over towards the RON in that 


1 ime, we mall N this 8 8 1 
; Via. f «|: ps: N 
= "Let the Arch. the Body would B E 
= deſcribe in the Time T, —_ the . Wt ie +46 th 
Arch BN, then becauſe the Mo-“ auc ted 45 {ak 
tion of the Body in the Circum-} g "21 £8. eee 25:3 tt. 
ference of the irc is W. 6 
we have - 7555 * 12 
Squaring the laſt Proportion, AY 7 
we have at 7%: + Be; BN. 
Altering the poſition of; the 4 BD 0 
Means in the firſt Proportion, 18 Tas, "BF QT © 1146 
we have ; =D ©: 
: Comparing the third ad Habe: BN: 1 
fourth Step together | BN 5 
ho un the” fifth Step into 618 X BD = r 
ivi ling the laſt by BD 1 Ns. 1 
"Di iding 7 |S RF x Doe 


Coroll. From this 3 it follows, that the central Force 
| requiite to retain a revolving Body in the Circumference of a. 
Circle, muſt be ſuch as, ſuppoling the projetile Motion 
25 ped, would cauſe the Body in the Time it would otherwiſe © 
deſcribe any Portion of that Circumference,' to move towards 
2 Center of the Circle over à Space or Diſtance of fuch 
| h, as would ariſe from the Diviſion of the Square of that 
Por on of the Circumference by the Diameter of the Circle. 
And conſequently, it will in all Caſes be + to the * 
Square of the Arch the Body would deſeribe . ven Time 
divided by the Diameter of the Circle: Becauſe the Force . 
exerted in any given Time, is proportional to the Space it 
cauſes 4 Body to move over in that Time. 
- T0 iltuftrate this, ſuppoſe” the Diameter of the Circle 
Feet, and the Arch BN 10 Feet, and that the revolving 92 
moves over thoſe 10 Feet in 4 Minute. Then the Square of” 
5 BN, Which is 100, divided by the Diameter, or 25, e 3 
= Feet: The central Force therefore at 3, neceſſary to make the 
| | —_ te in the Circle BNF at che Rate of 10 Feet in a 
© Minute, 


- 
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the Time it deſcribes the whole 


9 Diameters of 


PS Ma ec 86 


Force, by comparing the Space - would cauſe 
| | 4 | 


- 


% 


Minute, mult be ſuch, as ſuppoſing the Body left to itſelf atB, 


(that is, without any Motion at all towards C, or any Weight : 


or Gravity of its own) would make it move gver 4 Feet to- 
wards 8 in a Minute. Again, ſuppoſing Things as before, 
only that the Body revolves with but half its former Velocity, 


that is, that it deſcribes but five Feet of the Circumference of 


the Circle in a Minute; then the Square of that five Feet, 
which is 25, divided by 25, the Diameter gives 1; fo that the 
central Force in this Caſe muſt be ſuch, that by Virtue thereof 
a Body deſtitute both of Weight and projectile Force, ſhall 


move over a Space 1 Foot ow in a Minute. And converſely, 


if there be a Circle, whoſe Diameter is 25 Feet, and there be 


$ Lower lodged in the Center thereof capable of cauſing a 


ody to move over the Space of 4 Feet in a Minute; then in 
order that a Body may be made to revolve round in the Cir- 
cumference of that Circle, it muſt be thrown, forwards in a 


Direction at right Angles to the Radius of the Circle, with 
ſuch Velocity as would carry it over the Space of 10 Feet in 


that Time. And if the central Force be capable of cauſing it 


to move over but 1 Foot in a Minute, then it muſt be thrown 


forwards with a Velocity that ſhall make it move at the Rate 
of only 5 Feet. Or, fince the Velocity is uniform, and there- 
fore the Arch deſcribed is proportional to the Time it is de- 


ſeribed in, inſtead: of an Arch as BN to calculate Wwith, we 


may take the Whole Circumference, and ſay, that the Space a 
Body would move over by Virtue 45 the. Central Force alone, in 
1 


; | ircumference, is equal to that 
which wonld ariſe from the Diviſion of the Square of that whole 


” Circumference by the Diameter of the Circle. And this is that 


exa#. Adjuſtment between the central and projectile Force we 
have been ſo long in Search of. 99 38 | 
Suppoſe then we would calculate, how far a Stone would 


fall by its own Weight, in the Time in which, if thrown for- 
_ wards with a ſufficient Velocity, it would move quite round the 


Earth in a Circle. Let us call the Diameter of the Earth, that 
is, the Diameter of the. Circle it deſcribes, 1, then the Circum- 
ference thereof would be 3 nearly, the Ne of that 3, is g, 
that divided by the Diameter 1, gives 9; ſo that a Stone a 
fall by Virtue of its own Weight through a Space equal to about 
Earth in the Time it would revolve; once 
round it. But it is here to be obſerved, that the Stone muſt 


be ſuppoſed to be of the ſame Weight during its whole Fall, 
that it is of at firſt; and ſo in all other Caſes, we ſuppoſe the 
Energy of the central Force to be the ſame at all Biſtances 


whatever, unleſs when the contrary is expreſſet. 
We have. hitherto. been conſidering the Energy gf the central 
a Body to move 
over 


7 


Velocity a Body ought to move with to deſcribe a C 


Diſtinction Sake we will call 


after ſome Revolutions would fall upon the Body of 
' one. Again, ſuppoſe it were required to find the Velocity a 


\1 
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over in any certain Time, with the Space the Body ought to 


deſcribe along the Circumference of the Circle in the ſame 


Time: Let us now take it in another View, and compare the 

bobs, with 
acquire in moving over ſome certain Space 
— Force only; from whence will ariſe a 


the Velocity it wo 
by Virtue of the Cen 


| Propoſition very uſeful in Matters of this Kind ; and which for 


4 


LEMMA H. 


The Velocity which à Body ought to rexolve with in the Cir- 
cumference of a Circle, is ſuch as it would acquire in moving 7 
Virtue of the central Force only, over half the Radius of that Circle, 


To explain this, let the Body be ſuppoſed. at Reſt at B, and 
let it be acted upon by a central Force at 8: Upon this the Body 
will proceed towards 8 with a Motion, which will increaſe every 
Moment (becauſe as in the Caſe of falling Bodigs we ſuppoſe the 


central Force acting upon it with the ſame Intenſeneſs, whether 


LN the Body moves or not) and the Inſtant it gets half Way to the 


Center 8, it will have acquired ſome certain Degree of Velocity; 
which is that it ought to move with, along the Circum- 
ference of the Circle, to render its projectilè Force an exat᷑t 
Counterbalance to the centripetal one at 8. Thus, ſuppoſe 


there were a Loadſtone fixed at 8, and a Piece of Steel at B, 


diveſted of its own Weight, ſo that it might be at Liberty 
to move freely towards the Loadſtone, and to make the Inſtance 


pPoarallel to the Caſe before us, leu it be gy that the Load- 


one attracts the Steel with the ſame Degree of Force at all 


Diſtances, then whatever Velocity the Steel would have acquired 


when it had got half Way to the Loadſtonc, if with that Velo- 


city the Steel were thrown from B, along the Tangent BC, 


it would move round in the Path BDFB, not approaching to- 
wards, or receding from the Loadftone- But the Steel muſt be 
ſuppoſed to meet with no Reſiſtance from the Air, for if it 
does it will continually loſe ſomewhat of its ET; and ſo 

the Load- 


Ball 0 to be thrown forwards with at a ſmall Diſtance from 
the Surface of the Earth, that it ſhould move quite round'in a 
Circle, keeping the ſame Diſtance from the Surface of it all 


that Gravity acts with the ſame Degree o 


the Way. It muſt be ſuch, as that Ball 2 a Suppoſition 
| | Force at all Diſ- 

_  tances from the Center of the Earth, as at the Surface) would 

' acquire by falling half Way from the Place it was thrown 


from to the Center of the Earth (for that is ſuppoſed to be the 
Seat of the Power that gives it its Weight, and thereby hin- 
ders it from moving forwards in the e 
| £57 & | 7 * T £4 | 85 N n 3 
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And that Velocity is eaſily calculated from what was demon- 
ſtrated, Part I. Chap. V. f. 4, or F- ſuppoling, as Huygens has 


determined by very accurate Expe ts, that a Body near the 
Surface of the Earth falls 15 Paris Feet in the firſt Second of 
Time. But enough of this by way of Explication, it is 
Time to demonſtrate what is here . * 
Dem. Let the Diameter of the Circle be 16 Feet, in which 
Caſe half the Radius will be 4 Feet, then by Coroll. of Lemma 1. 
the Arch which the Body muſt run over in the Time it would 
{ thro? thoſe 4 Feet by Virtue of the central Force, muſt be 
ſuch that the Square of it divided by the Diameter may be 4 z 
that is, it muſt be 8 Feet, (becauſe the Square of 8, which 13 
64 divided by 16 the Diameter, gives 4) but if it deſoribes an 
Arch of 8 Feet, (in the Time it would fall through 4 Feet, it 
then moves with that very Velocity it might acquire by the Fall; 


becauſe, as has been demonſtrated Part I. Chap. 5.4.7. if a 


Body moves uniformly with the Om it might acquire by 
falling through any given Space, it will move over twice that 
Space in the Time that it was acquiring ſuch Velocity, Since 
then the Body, in the Caſe before us, deſcribes an Arch of the 
Circumference of 8 Feet in the Time it would fall through 4 
Feet, it moves therein with the Velocity it would N * 

falling through 4 Feet; that is, half the Radius. A D, 
: Univerſally thus, let the Diameter be equal to 4 Times ſome 


certain Space, which Space let us call 4 the Diameter then 


will be equal to 44, and half the Radius will be equal to the 
Space 4; in which Caſe, the Arch which the Body deſcribes, in 
Time it would fall through the Space 4, muſt, by theabaye- 


mentioned Corollary, be ſuch that the Square of it, divided 


by 4 Times 4, may be once 4; that is, the Arch muſt he twice 
4, becauſe the Square of twice 4, which is 4 times 4 divided by 
the-Diameter (4 Times 4,) gives once 4: but as before, if the 
Body move uniformly through -er the Space 4, in the Time 
it would fall through once that Space, it then moves with that 
very Velocity it would acquire by n that Space; 
— ex Hypoth. through half the 


8 rom what has been demonſtrated above, we may eaſily 
learn the Relation which the central Force that is requiſite to 


retain one Body in the Circle it deſcribes, has to that which is 


required for the ſame, or another Body revolving in a larger 
or leſs Circle, Which relation is expreſſed in the following 


iis by 
B. 


Sch of the Radius. 


LEMMA 
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Die central Force <wheroby one Body is retained in the Circle it 


; : 05 deſcribes, is to that whereby a Body moving with.a different Velocity 
oer in a different Circle might be retained therein, as the Square uf ' 


the Velocity of the former. divided by the Radius. of the Circle ir 


| deſenibes, tothe Sguare f the Velocity of the latter divided by the 


Radius of the Circle which it deſeri bes. 


* 


Circle. And Arches deſcribed in a given Time, are as the Ve- 
locities whereby they are deſcribed, and the Diameter of a Cir- 


dle is as its Radius; conſequently the Action of the central 
Force is proportional to the Square of the Velocity which the 
Body moves with, divided by the Radius of the Circle it deſ- 


exides; The central Force therefore whereby one Body is re- 


tained in the Circle it deſeribes, is to that whereby a Body, 
K 


moving with a different Velocity, or in a different Circle, mig 
be retained therein, as the Square of the Velocity of the 


mer divided by the Radius of the Circle it deſcribes, | to the 


Square of the Velocity of the latter divided by the Radius of 
the Circle which it deſcribes. Q. E. DP). we 


. .Coroll, If we call the central Forces whereby the two revoly- 


ing Bodies are retained in their reſpective Circles C and c, their 


Velocities V. and v, and the Diſtances: they revolve at, that is, 


the Radli of the Circles they deſcribe R and r, we ſhall always 
kavs this Proportion, Ce K Wo 


Theſe Things which are the Foundation of what follows, 
being eſtabliſhed, we may now proceed to demonſtrate each 
Propoſition of this Chapter in the Order they lie in; the firſt 
of which is, That when two or more Bodies revolve at egual 


Diſtances from the Center, but with unequal Velocities, che 


central Forces neceſſary o retain them will be to each other 
as the Squares of their Velocities. OO 

Dem. Let the Circle which one of the revolving Bodies ts 
- ſuppoſed to deſcribe in this and the following Caſes, be BDF, in 
Fig. 26. and that which the other deſcribes. be & 4%, and let us 
call the Diſtances they revolve at from the common Center, that 
is, the Radii of the Circles they deſcribe, Randy; the Velocities 
they revolve with V and v; and the central Forces neceſſary to 

retain them Candc. Then by Corgllary of Lemma 3. we Hall 
have for the firſt Step of this ©, VV ww 
Demonſtration, | T ON 
But by che Propoſititon R is | 

equal tor, therefore- [|2{C:c::VV:w Q. E. D. 


KO. 5 


* 


Diem. By Corollary of Lemma 1. the Energy of the central 4 
Force is proportional to the Square of the Arch which the Body 
deſcribes, in a given Time, divided by the Diameter of the 


De th. as. e 1% mnt. Aft. 
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"Poe. II. When two or more Bodies move 
with equal Velocities, but at unequal Diſtances 


from the Center they revolve about, their 
central Forces muſt be inverſly as their Diſ- 
' tances. That is, by how many Times greater 
the Diſtance a Body revolves at is from the 
Genter, To Many Times leſs Force will "ION, 


it (5). 
Por. III. When two or more Bodies per- 
form their Revolutions in egua Times, but 


at different Diſtarices from the Center they 


revolve about; the Forces uiſite to retain 


them in Heir Orbits will be to each other as 


the Diſtances they revolve at from the Center. 


For Inſtance, if one revolves at twice the 
Diſtance the other does, it will require a double 
Force to retain it; if it deſcribes, a Circle three _ 


Times as large as the other does,” . a treble 
Force is HO: Sc. . | 


(3) Dem. By Corollary © of 


Lemma z. as before, 25 0: : — 


By the Propoſition V is e 2 cler 


to v, therefore, * 7 E. P. 
A In order to demonſtrate this the following en wilt 


of uſe. 
LEMMA Iv. 


The periodical Time of a Body revolving in a Circle," is as the 
Diftance it revolyes at, from the Center directly, and as its Velo- 


city inverſly. , 
Demo Nate of the Lemma. The, riodical Time of a re- 
volving Body. ceteris paribus, depends on the Diftance it re- 
volyes at from the Center, becauſe th greater that Diſtance i is, 
the goon is the Circle it x70 ob "and f ſo the longer it is in 


coming 


4 


. 8 


* 
1 


. n 1 . W. 


er IV. When two or more e Bodies, re- 


5 ring at different Diſtances from the Center, 


By the Propoſition, 'T'is equal 


ate retained by equal centripetal Forces, their 
Velocities will be ſuch; that their periodical 
Times ſhall be to each other as the Square Roots 
of their Diſtances. That is, if one revolves at 
four Times the Diſtance another does, it will 
perform a Revolution in twice the Time the 
other does; if at nine Times the Diftance, it 
will revolve i in thrice the Time, &c. 4). 


1 
17 


editing round. Again, extevis en the greater its Velo- 
City is, the ſooner it comes round; and Pra or the periodical 
Time is directly as the former, and inverſſy as the latter: Or, 
as the former divided by the latter. Q. E. D. 

. Coroll. And therefore in comparing the ical Times 
ef two Bodies together, if we call their edi Times 
and t, the Diſtances they revolve at R and ; and their. 
N r V and v, as before, we mall have this 0. 


R. 1 7 

3 o wY Propoſition. b. I 7 
5 by, of Lemma 3, 7 bY | 'q 15 

By Corollary of Lemma 4, | * 1 1. mem by 


Multipl the 2d 8 
Bone to v, W Nl 


. 
* 


3 v % f RK 
to t, therefore, 

Comparing the iſt and 4% 1 
Steps together, 9 

That 18, N þ N 1 


r By Corollary of |, cot Wenn 8 
| \ ® ” 
Mutighing "0x7 ae r : TORE: IV cbs 
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Por. V. And in general, whatever be 


By 


18 


. 76 Step, 


the Diſtances, the Velocities, or the periodical 


Times of the revolving Bodies, the retaining 
Forces will be to each other in a Ratio com- 
pounded of their Diſtances directly, and the 


Squares of their Periodical Times inverſly. 


Thus for Inſtance, if one revolves at twice the 


Diſtance another does, and is three Times as 
long moving round, it will require 5, that 


is, two ninths of the retaining Power the other 
does. For, becauſe when the retaining Power is 


in 4 Ratio compoundedof the direct Ratios of the 
Diſtances and of the Squares of the perio- 


dical Times, the latter Body would require fwice 
the retaining Power that the other would mul- - 


tiplied by 9, the Square of the periodical Time: 


ſo now, the latter Ratio being an inverſe one, it 

requires twice that Power divided by 9, that is, 
4, or {wo ninths of it. For in compounding of 

Ratio's the Way is, if they are both dire# to 


multiply them both together; if one be dire 


and the other inverſe, to divide the dire by 


the inverſe; if both are inverſe, to multiply 
them both together, and to divide Unity by the 


By Corollary of Lemma 4, Ir 1221 4 
Squaring the laſt Step, 4 TT: u:: pp: 

» #;: a 3 P | WY 
Compwring the 34 and h, 6: ,77 
3 3 7 ONT " 

me * R: 
1 N T:t::vR:4y 7 QED. 


U 
* 


| 
| 
| 
| 
= 


3% e Dae, Tast Iv. 
Product: Thus, if the retaining Power had been ! 
| 1 as the Diſtance inverſly and mnverſly too as the 
Square of the periodical Time, then in the 
Caſe before us, the latter Body would have,re 
een a retaining Power, which ſhould have 
been as the Number 1, divided by 2 multiplied 1 
by 9; or 183; That is, if we ſuppoſe 1 to ex | 
- preſs. the cage F orce requiſite for the former | 
, the Fraction + would have expreſſed 
that which would have been neceſſary for the 
latter; or in other Words, their retaining 
Powers would have been related to each other, 
as 1 is to ; that is, the former would have lean 
18 Times greater than the latter (e). 
Por. VI. If ſeveral Bodies e at 
different e from one common Center, 
and the retaining Power lodged in that Center 
decreaſes as the Squares of the Diſtances in- 
e 3, 0 is, if 1 a double Pianoe: 3 it, be 
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four Times weaker; and at a treble Diſtance, 


cal Times of thoſe Bodies will be to each other 
as the Cubes of their Diſtances from the com- 


mon Center. That is, if there be two Bodies, 


whoſe Diſtances when cubed, or multiplied 
themſelves twice are dauble or treble, &c. of ea 
other, then their periodical Times will be ſuch, 
as, when ,/quered only, that is, multiplied by 
themſelves once, they ſhall be alſo double or tre- 


"2 


ble, &c. of each other ()). 
o 


By the Propoſition, ae: es:: ĩ 
, : 739 og 


Step, | R 4 


\ : . ww 4 
, — . 5 G 4 5 1 TON eh 43 
Multiplying by R to7, | AVV. iK 13 


1 by Mo Ta HDR 
By Corollary of Lemma 4, fr: fe 1 Feng, 


* - * : #45 #4 — 
Multiplying by V to V, 6 N t:: R „lia. 12 
N „ DULL 


Dividing by T to t, 2 470065 97 'F Wor M ene 
N 4 1 * 2 


1 - | FT RR $ 1 43 
. SVV: N, 
: > a n 
Comparing the ith and the J .: .. RR T 
8th, - 4 | 9 R 2 Fe nid 
. 0 N — 71 7 i ee 28. 
Multiplying by TT to t, 10 12 . RR „ [5 


_ Multiplying by R tor, [11] TT tt: RRR ED. 


And after alike Manner, we way eaſily demonſtrate the ſeventh 


Corollary of the fourth Propoſition of the firſt Book of Sir I/aac © 
Newton's Principia. Which becauſe it is of more'thawordinary , 


Difficulty-to Beginners, I here add. It is to this Effect. 


When Bodies revolve in ſuch Manner that their periodical 


Times are to each other as ſome Power (which call ») of their 
. ; * # ; 23 % | | Diſtances, 


\ 


Times, weaker, Ge, the Squares of the periodi- 
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- Diſtances, * en Forces requiſite to retain them in 


their Orbits will be to each other inverſly as twice that Power 7 
wanting one of their Diſtances ; that is, ien as their _ 


; 1 e 
$475) "4; . 


_ ances raiſed to the Power 20-1. 
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: Multiplying 4 fs en of] | 4s Fenn 1 | 
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12 1, and dividing the De- 

nominators Ru: n by the! 

ſame, brings them one Power] 
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| Squaring both Sides of the 8th 0 YEN er 
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only the ſmall Letters. Wich Method, becauſe I ſhall make Bog. 
give a Specimen of, Let it 


Uſb of it hereafter; T will here 


„ '# 


then be required to demonſtrate the firſt en * this 


Chapter over again in this latter Method. 


By orollary of Lemma 3. The central | OS. 
Forces are as the 8 of the Veloci 
ties divided by the adit of the Circles \ | vy 14 
deſcribed, which put thus i11C * ef ould 
By the Propoſition, the Circles deſeribed | | En 
have one common Radius, call . 1 
| Then | 2[R=1 
929 Prom the 1k and 1 Step compared. we N. l 
VV. 
That is, the central Forces of the revolving Bodies are to. 
each other as the Squares of their Velocities, b is the” 
Senſe of the Propoſition, 25 
Again, let it be required to demonſtrate t the Coro ben 5 
from Sir 1/aac Newton's re over again in this ethod, - | 
By Corollary of Lemma 3. — 1 "1104; 
By the Suppoſition — 4 2] T:R5 th 
aue eee ee — th 3 1 * 
Comparing the ad and 3d Steps — 4 44 
Multiplying by V — — | VR 1 
Piriding bor Side by R, reduces R to : A 5 
1, and brings R® one Power lower, that Rome 
is to R., fo that we wall then have | 6.7: V 
Dividing by R*— — | 7 . V 
Squaring the la Step, Which in tzj eg 
| Quantity R.—1 is affected by doubling | 1 
_ the Index u—1, we have. 8 a 
Multiplying the firſt Step by R gf cr:vy” 
Comparing the two laſt ne 10 CR: — 
Dividing, by R, which in the Cynic, Ri 
Rat is done by adding one to, the | To at: 
ORE: | [111% * Ran 
34 ' IF £9 FE 1. Q. E. D. > 
Rox. 8. 3 Secondly, 
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B * the Forces neceſſary i fo retain 
Bab revolving in otber Orbits. 
Proye. VII. If a Body be turned out 4 
its rectilineal Courſe by Virtue of a central 
Force, which decreaſes as you go from the 
Seat thereof, as the Squares of the Diſtances 
increaſe ; that is, which is inverſly as the 
Square of the Diſtance, the Figure that Body 
ſhall deſcribe, if not a Circle, will be a Para- 
bola, an Ellipſe, or an Hyperbola, and one of 
the Foci of the Figure will be at the Seat of 
the retaining Power. That is, if there be not 
that exact Adjuſtment between the projectile 
Force of the Body and the central Power ne- 
ceſſary to cauſe it to deſcribe a Circle, it will 
then deſcribe one of thoſe other Figures, one 


of whoſe Foci will be where the Seat of the 
retaining Power is (g). 


(2) E prderito bew this i will be nocefſry 9 promiſe _ 
elke Lemma's | 


e Mm RY bY a 

The Felicity of a Boch dy deſcribing any TEE (i "Its cg is 
regulated by a retaining Power )'is in one Point of the Curve to its 
Velocity in anyother Point theres Ys , inverfly as a Perpendicular drawn 
From the Seat of the retaining Power to a Tangent of the Curve at 
= r Point, to a Perpendicular drawn from the Lee Place to a 
ent at the other Point. That is, in fewer Wards, the Velocity 
= 2 Body i is inverſly as a Perpendicular let full from the Seat of 
' the retaining Power to a Tangent at the Point where the Body is. 
. - Thus, if theBody be at D, a Point in the Curve DEF, Fig. zy. ag 
PD be a T angent theres, and SP a Perpendicular to that Tangent, 
draiun through 8 the Seat of the retaining Power, the Veloci of 

the Body at d, compared with its Velocity in other 2 of t 


A e 


* 
* , 14 1 1 


N = that is, if wwe put R for the Radins CD, as | 
Den. By Lemma 5, the Velocity of the revolving Body when 


v., we have — — — — 1 


# | — 


Dem. It has been demonſtrated, Part 1. Chap. X. that re- 


volving Bodies deſcribe equal Areas in equal Times 3 that is, if 


a Body deſcribes the Curve Line DEF, and the Arches DE, 
EF, Cc. be run over in equal Times, the Areas DES, EES, Oe. 
will be equal; which Areas, if we ſuppoſe the Times as ſmall as 


pole, may be conſidered as ſo many right-lined Triangles, 


auſe in that Caſe the Lines DE, EF, Oc. loſe their Curvature, 


and being produced are Tangents to the-Curve. Produce the 


Line DE to P, and let fall the Perpendicular SP, then the Area 


of the Triangle DES, is had by multiplying its Baſe DE into 
halfSP ; and the Area of EES is equal to its Baſe EF multiplied 
by half a Perpendicular drawn from 8 to EF produced, &c. 


But theſe Triangles being deſcribed in equal Times are all 
equal, the longer therefore their Baſes, the ſhorter their Per- 


 pendiculars. But the Baſes being run over in equal Times by 

the revolving Body, they are as the Velocity of the Body 

wherewith they are deſcribed ; e Tam the greater the Ve- 
e 


locity of the Body, the ſhorter is the Perpendicular to the Tan- 


| gent where the Body is. Which is the Senſe of the Lemma. 


LEMMA VI. 


"$4 " Whatever Carves revolving Body deſcribes by Virtus of a centri- 
* petal Force, whether the Seat of that Force be within ur without the 
Curve, the Action of that Force upon the Body when at any one Point 


54 the Curve, muſt be to the ſame upon the Body, when at another 
oint of the Curve, directiy as the Diſtance of the Body from the 
Seat of the retaining Power, and inver/ly as the Cube of a Perpendi- 


cular let fall fromthe Stat of the retaining Power to a Tangent to © 
the Curve at the Point where the Body is, multiplied by the Radius 


of a Circle of equal Curvature with the Figure at that Point. That 
is, if AX m þ ig. 28. be the Curve deſcribed, and MDN, who/e 
Center is C, be a Circle ff: 2:9 Curvature with the Figure at the 
Point D, and PD be a 


the central Force requifite to act upon the Body at D muſt be as 


PIXR. 


at D is as Fp calling then that Velocity | | 


$quaring both Sides -— . = — FVI 
re 


angent to that Point, and SP a Perpen- 
dicular thereto drawn through 8, the Seat of the retaining Power, 


* 
id U 
- 
. 
V: 8 1 
* * 9 
PS Tow & 3 . 


\ L 


* 


8 % 


„ 


55 - | | > 
. " 4 . * . 5 4 
A » 7 * A 7 * " % " a 
F 1 1 , k 5 . ; 3 . 
1 * , : * + * 1 4 - Y = * 0 4 1 id — 9 + FD 
4% 8 * EF 8.0” - 7 * 1 : ' „ 4 : y 7 . 
N rime Part IV. 
6 : — 
* 


| By Corollary of Lemma 35 che central Force neceſſary to 
=_ —- retain the Body in that Circle, (or, which is the ſame Thing, at 
=_ the Point D in the Curve ADX, becauſe they are both of equal 


— 1 VV | | 
Curvatufe there) would, if placed at C, be as NT. Butwhereas 


i it is placed at $ it acts obliquely to DC, and therefore to pro- 
_—. duce the ſame Effect, muſt act more forcibly in the Proportion 

1 of SD to DT, ſuppoſing ST perpendicular to DC; that is, be- 
| Propoetion of SD to SP. 


cauſe SP is equal to D Þ 
"wy 11 VV VV-x SD 
But by the Golden Rule ; SP ; SD:: E - 
Conſequently the central] } 18 275 R i 
Force 3 = placed ee ee 
not at C, but at 8, is ex- VV ST 
 preflible Ĩß ( AE 
Putting then C for the Ac 


„in the 


>» 


3 tion of che central Force] | e ay: gue 
ay We hed | ved oo 

Ie ve opax. 

eee eee, 


Te AD Fig. 29. be a Parabola, whoſe Arif is AG, and its 
Focus 8, and let PDF be a Tangent at the Point D, through the 
Focus S and Point of Conta# D draw the Lines PS and DG both 
Er the Tangent PD, then will PS be equal to half 


Dem. Produce DP till it meets the Axis in X, -and draw the 
Diameter DO, and join the Points D and 8: Then becauſe DO, 
as being a Diameter, is parallel to GX, the Angle FDO is 
equal to DXS ; *tis alſo equal to the Angle XDS (Miln. Conic, 
Sect. Part IV. Prop, 4.) the Triangle XSD is therefore an Iſo- 
ſceles one, -and SP being perpendicular to'the Baſe XD, XP is 
equal to half XD; but 58 and DG being parallel, the Tri- 
angles XPS and XDG are ſimilar, and derefore Ps is alſg 
equal te half DG, Q. E. D. K 


LEMMA 


ö e 


T wr. of the Figure, then | | 


9 The Ar Angle HDI wants IDFto 


Comic. Seck. Part IV. Prop. | 


65 £5 4 od Did 
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LEMM A, vin. Wy 
2. A0 Fig. 30. be a Portion of a Parabola, ax Elligfe or an 


| Hyperbola, one of whoſe Foci is 8, its longer Axis AB, and its 
Parameter or Latus recdum L; and let PF be @ Tangent at the 


Point D, zoin the Points D ad 8, thre* the latter of which draw 


the Line SP perpendicular to the Tangent, and thro” the former the 
Line DG perpendicular alſo to the W and er (he my 
| 5 | 


Aus in G, ' then will GD® be equal to ——== 


= 
Dem: Through the PointG draw the Line GT . 


to DS, then will the right-angled Triangles DGT and DSP 


be ümilar, becauſe the Angles DSP and SDG are ä 


conſequently _ t |DG : DT :: SD: 3 
But by Miln. Conie. Sect. | 
Fart IV. Prop. 6. : DT II. 


From the 1ſt and 2d Steps 


compared together 3 DG L:: 80 HP | 
Turning the 3d es into an * LxSD ' 
Equation | 14] DG .= —5- — 
| WERE! by nts 2 25 OG 
Cubing we la Step e 1$1PG'= — E QE. D. | 


LEMM A IX, 


Things remaining as before, produce DG re C in Fig. 31, 32, 33. 


fo that the Liz DC may be equal to b then auill a Circle 


whoſe Center is C, and Radius CD, be of the ſame Curvature, and 


coincident with the Fi igure AD at the Point D, whether it * 4 


Harabo la, an Ellipfe,” or an Hyperbola. i 
Demonſtration, © 1.31 


1. For the Parabola. The ſame Lines being 8 as in the 


foregoing Figure, draw alſo through D, Fig. 31. the Diameter 


DY, and take a Portion of it — DI. — 10 Lengt h to the 
Parameter of that Diameter, and let fall the Perpendicular IH 
meeting DG produced in H, and let L be the Latus ou or 


zd Step of Lemma 8, [1 DG: A 18D: 8 


make it a right one, the 
Angle PSD wants SDP to 
l e ita right one, but IDF 
and SDP are equal, Miln. | 


4a; , ao... 
* 
0 
wy, 


4. therefore HDI and P C 
are fo alſo, the Triangles| | 
therefore HDI and SDP are 3 
Gmilar; conſequently 2 $D:$P:: DH; DI 

; Y * e 


i | 


. 
x 
* 8 5 
; 
$ 
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| 1 From the 1ſt ay 2d Steps 1 6 
1 compared together vo DG : 1. pH Dr 5; 330 
1 „ By Miln. Conic. Sect. Part} | e 
= | 8 _ Land 4th Step 4 Dl 

1 comp ro x 5 DG: L:: DH: 4DS | 
= : Multiplying the Antecedents E He 
B 3 the kr. Sts bh & OMEN ig. 

In Sith — is is oh LL 

: 8 rn 7 e. pn r 
tenz. . a & al *| DG = f 

J 3 9 e ans | | | Ns Taal 

= TLaurning the 0 8 into LDR 5 
an Equation” 150 187 . . 
= ; N 

| Takinghalf the: 10th Step | 11] DG = ml a 

i | 5 By Lemma 3. 12 PG? = = 

1 Compariug the 12th and DHxLL _ LLLxSD? T 
_ ieh Steps EP C 
0 Dividing the 13th err by n 

| „ 14 DH 3 

| . eee 

43 | Halring the 458 N ö 115 * 

Þ# Jul. A 
| 1 But. be Suppoſition ” anne Q — pr by * 1 
. Comparing the m laſt Steps | 17 | CD 1. | 


But DHH 5.0 perpendicular to PF, and the An ſe at a 
| right one, it is obvious a Circle whoſe Diameter is DH, (and 
= | conſequently by the laſt Step, whoſe Radius is DC,) will paſs 
. ER through the Point I, 31. El. 3. and will have the Line PF f for 
a Tangent to it at B; but by Miln. Conic. Sect. Part III. Prop. 
11, Coroll. 1. ſuch a Circle will be of equal Curvature with 

© 'Parabola at the Point D; __ the Circle and the Parabola will | 
be alſo coincident with each other at that 5 ons the 

Line PF is a N . to k. QE.D 


«3 


F 1 . 
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II. For the Ellipſit and Hyperbela. Let AD in Fig. 3. be a 
Portipn of an Ellipſis, in Fig. 33. a Portion of an Hyperbola, Wh 
one of whoſe Foci is 8, its Latus re&um L, and its longer Axis 
AB; let PF bea Tangent at the Point D, and draw the Lines 
SP, SD, and DG as in Fig. 30; draw alſo the Diameter D! 
and produce it to I, ſo that DI may be equal to the Parameter 
of that Diameter; let fall the Perpendicular IH meeting DG 
produced in H; thro' the Center E draw the Semiaxis EQ, 
and the Diameter K& conjugate to Dd; and to the longer Axis 
AB, the Ordinates DM and KN; and in the Hyperbola produce 
EK and HD till they meet in R. Then by the known Property 
of the Ellipſis and Hyperbola De E' Hoſpit. Liv. 2. Prop. 2. 
and Liv. 3. Prop. 2. | 1 | EQ4: EA:: DMA: AM KMR 
_ Simſon's Conic. Seat. | | 597 25 8 | | 
Lib. 2. Prop. 19. and 1 J 
Lib. 3. Prop. 443. 2 AM x MB = ENA „ 
Comparing the iſt and . $674 
zd Steps together, and Ws He =o 
.  extraQting their Roots | 3 | EQ; EA: DM: EN | 


The Diameter Kl being conjugate to D 4 is by the Definition 
of ſuch a Diameter, parallel to the Tangent PF, and conſe- 
quently DH being perpendicular to that Tangent, the Triangle 
| GER is a right-angled one, that Triangle therefore and the 
right-angled one KEN are ſimilar, as having in the Ellipſe, 
their Angles at E vertical; in the Hyperbola, common; The 
right-angled Triangles GER and DGM are alſo fimilar, as 
having Noir Angles at G in the Ellipſe, vertical; in the Hy- 
rbola, common: And.conſequently the Triangles KEN and 
GM are ſimilar in each Figure... 8 


Thee | 4] DM: EN :: DG: EK f | 2 Sh 
Comparing the 4d and] | | WH | 
4th Steps together 5 | EQ: EA : ; DG EK wakes 


The right-angled Tri- 4 
angles DER andDHI1\| | ; "LIK ; = 
in the Ellipſe are fi- | : „ 8 | 
milar as having their „ Mi | 
Ang EY e. | 8 e 
in the as | l e $48E 
having heir Angles |. | e | 
N D vertical, conſe- | : 2 oy | FE 
quently - 6 DER: DR:: DH: D 


py % * "_ 
. N = 
* 98 
F : Fe. ; 
* - | * þ = 
a 4 4 | 
" ww. = - — 
1 Pp. 
N 1 I. „ - 
> : 
0 . - - 
5 — 
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* the Dekoition 011 
the Parameter DI, for! | 
the Ellipſe DeL'Ho- TE: 4 oy 

it. Lib. 2. Definit, | |} | Aa He 
1 forthe Hyperbola „ : REES RS A 
| ennit, Qt DE: E e þ 2 8 9 6AM | 

The xtremes of I 7%, © 8 * N 1 
an Steps g | 
the ſame, theProdutt | | | 
of the Means of the 
one muſt be equal toll 75 * WRT 
the Product of the 1 25 B f Ta TSF, eres 

| 8 the other, AYE 3 bf e 
that is RR == DHH x xn 
l 4 1320 en b 

| EK“ = DH x DR RK '- 

£ B „ Aale Con Sect. 7 FY 1 . "SIR, 
the Ellipſe, Lib, 3. | 5 
Prop. ener | | 2 

DR x EK = EA EG. 

: KW ts 1”, me EPR eee, 

| E ; Ek = 8 


„57 


DB | 22 = EA x E 
1 | DE © * 


rinci 


rr 


„ 


wn a wc a - 


* 2 


a — " D 
Z e EAA EINER done: Oh — 
| n N 7 — — 
i = — _— 8 n —(1 rr te * 
— — TIN. roy, vo bas. EA ne TEENS 2 : 0 - 
—_— ————  — — N . _ 
— 9 . 
— F4 n = * a 
: — 
4 * : 


o —y 
= * 
: 
= 


1 


\ 


Elem, Fo 
Multiplying the two- 
laſt together, 


and 15 


together, 
we have 


laſt 


| 1 the two 


erms of the 


85 werter by Rx it 


becomes 


6 
Step an 


the 17th 
together 


1 Parameter 13 
herefore from the 
laſt oY Definit, 10. 55 
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. 2 Fed 5th | 


A 12th 
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The Conſequents in the 4g ia N 
8th Step being the * 8 ” ; 7 w 4d mY 1 . 
1. Antecedents|. 128 14 2 ies 3 * 
. -are equal tbr 119 DH — S122) 


Moldplying by DH 420 2DG? = 3 2 pit, 


+ 

But the laſt Step here is dh Hon with the 10th in the Demons 
ſtration for the Parabola, from whence therefore the ſame Con- 

- clufion is to be drawn here as there: for the P fition/ in 

Miln. -Conic,, Se&: referred to at the End of that Demonſtra« 

tion, relates alſo to, the Ellipſe and the Hyperbola. 1 


 Demonfiatien V the Propotinn above, o nodich a n. 


* Ab x, Fig.-28: be a Portion of the Figure the revolving 
Body deſetibes;! whether it be a Parabola, an Elliph, or an 925 
verbola and let L be the Latus cone. or Parameter of the! * | 
r t the Seat of the e re. Power be at 8, one of the 
foe thereof, and let the revolving Body be ſuppoſed atD draw 
the Line PD. 4a Tan goto to the Curye at that Point, and let fall 
the Perpendicular rpendicular to the Tangent draw the 
Line DC, which let us 00 to be the Radius of 4 Circle as 
MDN, of the ſame Curvature, that the Fi igure AD is at the 
Point D. Then it is obvious, that the ſame Force which placed 
at 8 would retain the revolving Body in the —— the 
Circle when it came at D, will retain it in the other Fi 


that Point, they being at chat Place ons and the ſame Carve. Bat 
by Lemma 6, ſuch, Force is as prak- Sling en; che res 
taining Power C, we ſhall have this '|c: rr 
Proportion, vis. ID 


And fince-the Circle MDN is of the ſame Curvature es co- 
incident with the 1 1 3 its Radius DC is by Lemma g, 


equal to the Quantity — br putting then R for the 2 


as before we ſhall have Fr I R Lx$SD3 -- 
L 2 R r | 
CompayligGo1® * 2d 8 2 1 
" pom hor 76 & ; | ie I. 
j e 
"It ging 6P? is being both DS 8 
3 ks C: mop, ok 


Dividing 


— 11 ent IV. 


That a h ſhall deſcribe Figures ſo diffe- 
rent, when the Power that directs its Courſe 


is the ſame, and acts by one and the ſame Law, 


is owing to the Degree of Velocity the Body 
moves with. Thus ſuppoſing the central 


Power placed at 8 (in Fig. 34. and that the 
revolving Body ſets off at D in the Direction 
DB perpendicular to the Line DS, with ſuch 


Velocity as it would obtain in falling by Virtue 
of that central Power only, half Way from D 


to 8, it will then, by Lemma 2, deſcribe a 


Circle as DKM, whoſe Center is the Point 8; 


If it ſets off 1 D in the ſame Direction as 
before, but with a leſs Velocity, it then — 


volves within that Circle deſcribing an Ellip 


as DLN, one of -whoſe Foci is at 8, the 4 


of the retaining Power, and the other between 


that and the Point D, as at F. If it ſets off 


from D with ſomewhat greater Velocity than 
what it would acquire by the above- mentioned 
Fall, it will ſtill deſcribe an Ellipſe, as DEO, 


| one of W ow be at 8 a8 before, but 


Dividing DS ie: — f 
f e — ſame, e 1 A Ty 5. 11 
| the Fi ne; deſeribed:; the ee 7 

volving y. 15-at, (ad may{cy. > 7 
therefore be conſidered as Unity, 8 a 5 1014 36 
conſequently . © 81 | Fa 12 


WL 
: , FA & 
} 


That is, the retaining Power, if it be inverſly as che £ quare of | 
the Diſtance, and ſeated in the Focus of the igure, wi ill direct 


the Courſe of the revolving Body in ſuch Manner, as that it 
mall defcribe the ſ. 
| Hypebala. 'E ED, - 46 beita n an 1 or an 


J 7 * 1 1 #5 
1 i } _ „ 1 6 4 A 
* * : . & ? Z = » #* * 1 . 
» | ; p 
* 


Ty 


» -«& > Kr of A mo Aw = 6 wk we 
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for Inſtance, if one 
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the” other ſhall be beyond it as at G. If it ſeu 
off with a Velocity which is greater than that 


it would acquire by the above-mentioned fall 
inthe Proportion of /=to 1, that is the Square 


Root of 2 to 1, it ſtill deſeribes a Figure, one 


of whoſe Foci is 8 as before, but the other, as 
G, goes off to an infinite Diſtance; that is, the 


Figure deſcribed becomes a Parabola, as DPO. 
whoſe Focus is 8. If it ſets off with a greater 


Velocity than this laſt, the Seat of the tetain- 
ing Power remains {till at 8, but the other 


Focus G goes yet farther off; that is, it comes 


on on the other Side the Point D as at H, and 
the Figure 'deſcribed becomes an Hypetbola, 
as DRT, whoſe Foc: are 8 and H. 

From hence it is obſervable, that of che ſour 
Fi igures there are but two wherein an exact 


Adjuſtment is requiſite between the retaining 


Power and the projectile Force, viz. the Circle 
and the Parabola. In the former of which, 


the Velocity muſt be ſuch as the Body would 


acquire by falling half Way to 8, in the latter 


it muſt exceed that in the Proportion of the 


Square Root of 2 to 1 ; that is, in the Proper- 
tion of ſomewhat | leſs than 1 f to 1. Thus 
Degree of Velocity is re- 
quiſite to cauſe a Body ſetting off at D, to re- 
volve in a Cirele about the Point 8, as a Center; 
it will require about one Degree and an half 
to make the Body ſetting off at the ſame Place, 
to deſcribe a Parabola by Virtue of the ſame 
W Power ſeated in the ſame Point 8. 


Again, 


* 


. 


| Again, FI 8  Fign res ; may BY deſcribed s 
| en the Seat of — retaining Power be in 
the other Foci, F, G, or H; for Inſtance, if it 
be at F, in order that the Body may deſcribe 
the Ellipſe DLN, it muſt ſet off at D with 

the ſame Velocity it had in the former Caſe 
when it came to N: If it be at G, it will de- 


757 ſeribe the Ellipſe DEO, ſetting off at D with 


| © Diſtance; or in other Words (becauſe o 


the Velocity it had before at 05 And if G, the 
Seat of the retaining Power, be at an infinite 
ſay a 
determinate Point is at an infinite Diſtance, is a 
Contradiction in Terms) if the retaining Power 

act in ſuch Manner as it would do if the Seat 
of it was at an infinite Diſtance; that is if it 
act upon the tevolving Body in Lines parallel 
to DG; and with the ſame. Degree of Force, 
whether the Body be at P, at P, or at Q, Se. 
it will deſcribe * Parabola DPQ-with what - 
ever Velocity it ſets off with from D. For to 
dieſeribe a Circle round the Point G at an in- 
jñnite Diſtance, it muſt ſet off with an infinite 
Velocity, becauſe, as obſerved above, it muſt 
ſet off with the Velocity it would acquire by 
falling half Way to that Point; now a Body 
will! deſeribe an Ellipſe round a given Point 
with any Degree of Velocity leſs than it will 
deſcribe a Circle with round the ſame; as it 
Was obſerved that the Ellipſe DLN was de- 
ſeribed with leſs Velocity than the Circle 
DKM. but a Parabola is no other than an 
-4 1 one of whole Foci is at an infinite 
| | Diſtance, 


- 
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Diſtance, the Body will therefore deſocribe a 


Parabola when the Seat of the retaining Power 
is at an infinite Diſtance, with any n " ES 


Velocity leſs than an infinite one. 
This is the Reaſon, that Projectiles u 


the Surface of the Earth are ſaid to deſcribe 
Parabola's, becauſe on Account of the great 
Diſtance of the Center of the Earth, 3 
with the Height Bodies can be thrown to, 
Gravity does as to Senſe, act upon them uni- 


formly and in parallel Lines. 


Again, when the Point G, chats of thi | 
retaining Power, goes off at an infinite Diſtance 


one Way; it immediately, or indeed ſtrictly 
ſpeaking at the ſame Inſtant, becomes the Point 
H at an infinite Diſtance the other Way; ſo 
that thoſe two conſidered as at an infinite Diſ- 


tance, are as it were one and tlie ſame Point; 
and conſequently it is the ſame Tbing whether 


the retaining Power be at G an infinite Diſ- 


tance to the Right, or at H an infinite Diſtance 


to the Leſt, and therefore the Figure will ſtill 


be a Parabola, and may alſo be deſcribed with 


any Degree of Velocity: only if it be at H. 
an infihite Diſtance to ch 


e e e 


e left, the Power muſt | 
be negative in reſpect of what it was before 
that is, it muſt be of the repulſve Kind, as it 
is obvious it ought to be, to cauſe the revolve | 
ing Body to deſcribe a Figure whoſe Con- 
vexity is turned. towards the Seat of te re- 


MS 
. 
4 
+ 
N 
A 
| 
_ 
' 
' 


—_ -» 323＋— B ů — —e— —ů¶ — - :! 
2 — 
252 


— —— — a, 
* 
. 04% ww * 
o — — - g — T_T — mn * l 
1 we CI” — 9.5 Polls * 7 * * 8 
o _—— Cr" 


f 
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If the Seat of the retaining Power H comes 


cr, ſo as to be at a finite Diſtance from the 
dither; Focus 8, the Power muſt ſtill be nega- 
tive, or repulſive ; and the Figure deſcribed 
will be an Hyperbola, whoſe Foci are H and 
And the Hyperbola in this Caſe, may be 
deſcribed whatever be the Velocity the Body 
ſets off with; for the central Force being of 
the repulſive: Kind, the Figure deſcribed will 
neceſſarily be convex towards the Scat thereof, 
that is, towards one of its Foci; but none of 
the Sections of the Cone have one of their 
Foci on the convex Side of the Figure, and at 
- a\finite Diſtance fam its rw except the 
| * 1 
Henee 


1 65 In order to evince che Truth of what is here afirmed, 
Ong GG will be of Uſe. | 


LEMMA x. 


| 15 the Curve Line DPO in Fig. 35. repreſent a conic Section, 
due of whoſe Foci is 8, and ho the Circle DKR be of the ſame 
Curvature therewith at its Vertex D, then if the Curve be a Pa- 
rabola, DR the Diameter of the Circle will be equal to, F it be an 
Ellie, it all leſs, if an Hyperbola it will be greater thas HY 
foe: the Diſtance DS. 
. of the Lemma. (By Miln. Conic. Sect. part ni. 
| 11. Coroll. 5.) DR the Diameter of the Circle is equal 
| — e Parameter of the Axis of the Curve, whether it be a Pa- 
There Ellipſe, or Hyperbola, which let us L. ho 1 
erefore 1IL = DR hs 
If the Curve be a Parabola, | , Ob pe ed 
by the Definition of the Pa-| | | | 
rameter, Del. Hoſpit. Con. 
Seck. Liv. 1. Def. f.) 2 I. 2 8 


mparing iſt and zd Step 3|DR =4DS.. wn. 8 
: | | Ft | 2. If 
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2. If the Curve be an Ellipſe, | 
let F be its other Focus, 
then will DF + DS be 


equal to its longer Axis, 5 
De L' Hoſp. Con, Seck. eee . | 

Liv. 2. Cor. 2. of the De-| | dr £41 3 

finitions; call its ſhortee }F\ J 


Axis X. Then from the} | 
Definitions of the Parame-f | 
ter (De L'Hoſp. Con. Sect. hi 
-_ 3 _ 8.) we ſhall TR, af 
ave this Proportion | . 1 
Turning the Tait Step ict Pn, an 
an Equation 3 IL PN br 
(By De L' Hoſpit. Con. Sect. 5 oY - 
iv. 2. Corol. 4+ of the : þ 4 - > a 
Definitions) the Square o 
half X is equal to DS & 
J DF, that is, be. 55 


* 


— 


| 8 
q 2 
o =DSxDF + 


Conſequently | 4 „ S&D FP 
Comparing the 5th and 7th b )S x DF: 
„„ a: NEFNDGNE. 
| Turning this Equation into a | 1 os gb 115 85 
Proportion : 25 2 + D. 
Comparing the 1ſt and the , 8 5 ? 
_ ._ gth Step _ - 10 DR: 4DS: : DF: DFDS 
But DF i 


$ leſs than DF + DS, therefore DR is leſs than 4 
DLO EB... | ; 


3. If the Curve be an Hyperbola, let H be its other Focus, 


chen will DH—DS be equal to its longer Axis, by De L Hoſp. 


Con. Sect. Liv. 3, Corol. 2. of the Definitions: And call as 


before its ſhorter Axis X; then from the Definition of the Pa- 


rameter (De L' Hoſpit. Conic. Sect. Liv. 3. Definit. 8.) we ſhall 


have this Proportion iL: X:: X: DH—-DS 
Turning the laſt Step into || Xx 

an Equation =o 285 —DS 
(By De L'Hoſpit. Con. Sed. 52 4 


Liv. 3. Corol. 4. of the 
Definitions) the Square of 
half X is equal to DS x e 


Therefore 7 Xa = 4DSxDH 


; by Comparing | 


- 


- 


4 
Y 


356 be Dockrine Part IV. 


Comparing the fith anc 16 i= 85 D 
55 „„ © ON e © Gp" an 
; "this into Aa Pro- H 14 


* 


alſo than 40 


Turning 


portion | I5]L:4DS; : DH: DH—DS 
Comparing the iſt and 14th 5 23 | | 
Steps 3 16 DR: 4DS: DH; DH—DS 
But DH is greater 8 l is greater 

. Q. E. D. This being premiſed, we = 

ceed to confirm oy, was laid down int "ws the The -o 
1. Let the Curve DPQ be a Parabola, and the Circle DER 


being of the ſame Curvature with the Parabola at the Point P, 


As — above, the Velocity a Body ought to fet off with 
from D, to deſcribe' the Citcle; is the ſame with that with 
which it ought to ſet off, to deſcribe the Parabola: but the Ve- 


| Jocity it ought to ſet off with to deſcribe the Circle, is = Lem- 


ma 2, ſuch as it would acquire by falling to 8, becauſe DS being 


(by Lemma 10.) a Quarter of DR, is equal to half the Radius 


of the Circle; call this Space 2: but the Velocity it ought ta 


' ſet of with to deſcribe a Circle, whoſe Center is 8, is ſuch as it 


vi 


would acquire by falling thro' half DS, which Space (becauſe 
the whole Line DS is called z) muſt be called one, Now the 
Velocities Bodies acquire by falling through certain Spaces are 
to each other as the Square Roots of wow, Spaces (by Part I. 


| Chap. . F 6.) the above-mentioned Velocities therefore are to 


each other as / 7" to 1. That is, the Velocity a Body ought to 


ſet off with from D (the Vertex of the Figure, and in a Direction 
pe 


2 to the Axis DS, which I would always have ſup- 
ed) in order to revolve in a Parabola whoſe Focus is 8, is to 
That it ought to have at the ſame Place, and in the ſame Direc- 
tion to deſcribe a Circle whoſe Center is at 8, as r toi. 
2. Had the Figure DPQ been an Ellipſe, a Quarter of PR 
the Diameter of à Cirele of the ſame Curvature with, had 


been (by Lemma 10.) leſs than DS; and fo the Velocity the 


revolving Body muſt have had to deſcribe that Circle, or 
(which is the ſame Thing, becauſe of their Equal Curvatures) 


the Ellipſe would have been acquirable by falling thro? a le 


ace than DS, and therefore would have been a'leſs Velocity; 

hat is, it would have exceeded the Velocity requiſite for a 
Circle, whoſe Center is 8 the Seat of the retaining Power, in 
a Teſs Proportion than that of 4/*Z"to 1+. £8) 
© 3- If the Figure Dp be an Hyperbola, a Quarter of DR is 
bigger than DS (by Lemma 10.) and ſo the Space a Body muſt 
fall through to get a competent Velocity for that Curve, will be 
Auen than what it muſt fall through to obtain a competent 


locity forthe Parabola: The Velocity therefore roquiin fr 
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„ — 3 


1 * 


JJ ⁵ĩð U e ds 


＋ 


5 * ; 4 NW 1 3 | 5 
- Chap. XVIII. of | Central Forces. : <q 53 $558. ad 


Hence we may obſerve, that, ſuppoſing the - 
Motion of a revolving Body be ſo adjuſted to 
the Power by which it is retained, that it ſhall 
deſcribe a circular Orbit, and its Velocity be 
aftetrwards altered by ſome Accident, and 
thereby the Adjuſtment thereof to the central 
Force deſtroyed, that Body ſhall not imme- 
diately fall to the Center: the Form of its 
Orbit only will be altered, and from being 
circular, will become elliptical, parabolical, or 
huyperbolical, according to the Alteration made 
in its Velocity. Let its Velocity be diminiſhed 
in any Degree whatever, or let it be inereaſed, 
but ſo that it ſtill may bear a leſs Proportion 
to that which is requiſite to make the Body 
deſcribe a Circle than the Square Root of 2 
does to 1, and the Orbit will become an Ellipſe; 
if its Velocity be fo far increaſed as to bear the 
| ſame Proportion to that which is neceſſary to 
make it deſcribe a Circle, as the Square Root 
of 2 does to 1, its Orbit becomes a Parabola; 
if its Velocity be ſtill farther increaſed, -the , 
Orbit becomes an Hyperbola. Hence. we 
have a probable Reaſon why the Orbits of 
the Planets are now elliptical ; for ſuppoſing 
them to have been circular at firſt, as it is not 
unlikely they were, yet upon the firſt Diſ- 
* turbance in their Motions, whether from their 


the Hyperbola exceeds the Velocity required for a Circle whoſe 
Center is 8, in a greater Proportion-than that of / I to 1. 
From which all that is aſſerted above in the Text to which this 
Note refers, except what is there otherwiſe accounted for, may 
be collected. | | 


Vol. II. > 1 2 | FG. mutual 


. 5 The Dates 1 W. 


mutual Aden upon each hin FT Reſiſtance 
of the Medium they revolve in, the Acceſs of 
a Comet, or any other Cauſe whatever; and 
whether their Motion be ĩncreaſed or decreaſed 
| thereby, provided it be not increaſed in a. De- 
gree beyond the Proportion above laid down, 
their Orbits would immediately become ellip- 
tical. Should the Motion of any of them be 
58 increaſed- ſo as to come up to, or exceed the 
Degree above-mentioned, its Orbit would ac- 
cordingly be changed into a Parabqla, or an 
Hyperbola, and the Planet: would go off, gener 
to return. 
Prop. VIII. If the Force of the. W 
Power decreaſes as the Square of the Diſtance 
increaſes, and ſeveral Bodies revolving about 
the ſame, deſcribe Orbits that are elliptical, 
| «the. Squares. of the -periodical Times of thoſe 
Bodies will be to each other as the Cubes of 
their mean men. om * deer of that 
Power (4). 
) T 
'W RH ths rr, lee the flowing 
LE 2 1 A XI. 


1 Th PIO a nn deſcribes, is as its neh m wales 
_ pliedby a Perpendicular 12 l {rex —_ Seat of the retaining Power 
zo a Tangent at that Paint of the Curve where the Body is, 

Demonft. of the Lemma. Let AB in Fig. 36. be the Curve de- 
"ſcribed, C a Portion of the Curve deſcribed in the leaſt Time 
- » poſſible, then will DC repreſent the Velocity of the Body; pro- 

7 . 77 DC to P, then will DP be a Tangent to the Curve: From 
8, the Seat of the retaining Power, let fall the PerpendicularSP, 
195 draw DS and CS; then will DCs be the Area the Body de- 

Ecribes, but DC, by reaſon of its Shortneſs, may be conſidered as 

2 4 trait Line, the Area DCS is therefore a Triangle; which is 

; "I uy Ma the BaſeDCi into half * Perpendicular SP, 


| therefore 


* 


'# 
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therefore it is proportional to DC multiplied by the whole 
Line 8P, that is, to the Velocity of the revolying Body multi- 
"ou by a Perpendicular let fall from the Seat of the retaining 
Power to a 28 at that Point of the Curve Where the 
Body is. Q. E. D. 1 8 gs 
Dem. of thePropofition. Let ADB, and adbin Fig. 37. and 38. 
reſent two Ellipſes, whoſe principal Parameters are L and 1, 88 
5 and let S be one of the Foci of the one, and one of thoſe of 9 
7 the other, and let the Ellipſes be ſuppoſed to lie in ſuch Manner 
upon one another, that the Points S and s may be one and the 
ſame Point, which let us ſuppoſe to be the Seat of the retainin 
Power; and let the revolying Bodies be at D and d, throug 
which draw the Tangents PD and pd, thePerpendiculars PS and 
DC, and ps and dc, and the Lines DS and di; and let DC and 
de be Radii of, Curyature to the Points D and 4; and let the 
Farce of the retaining Power at the; Diſtance SD be called F, 
and at the Diſtance d be called /, and let the Velòcities of the 
revolving Bodies, when at the Points Dand 4, be called V and v. 
Then becauſe by the Propoſition the Force of the central or 
retaining Power is ſuppoſed to decreaſe as the Squares of the 
Diſtances SD- and sd1ncreaſe, that is, to be reciprocally as the 
Squares of thoſe Diſtances, we ſhall have for the frſt Step of the 
Wh | 12 F bas n by 
following Proceſs, this Analogy, wi er if >: =. 
Parallel to the Tangents draw the Lines $H and 54, and let the ' 
Cp of the retaining Power which acts upon the Body at U in 
e Direction DS be reſolved into two others, viz. DP and DH, 
the former along the Tangent DP, the latter along the Radius 
of Curvature DC, then it is obvious that itis by this latter Force 
_ that the revolving Body is retained in the Circle whoſe 
Radius is DC, that is, in the Ellipſe at the Point D, the other 
Force along the Tangent only accelerates the Body when moving | 
towards A, and retards it if moving towards B. To compute | 
the Quantity of Force in the Direction DC, ſay as DS is to 511 | i 
bo is the oblique Force F, or inſtead thereof — (ſee Step the | 
iſ) to a fourth Number, which fourth Number by the Golden 


e mining 3 pon | 


% 


„ 
| Sm : 
- i 


Uke Manner wo ſhall have, for the Force retaining the other | 
Body inthe Circle whoſe Center is c ; but by Corollary of Lem. | 

ma z. the Force neceſſary to retain a Body in a Circle whoſe = 
Radius is CD 15expreflible by the Square of its Velocity divided 

by the Radius of che Circle 5 RL that is, in the preſent 
(= 1 85 1 | C | 


* 


4 


3 356 
Wh OY 


EY "aro Hong its > Circle, oF 
- be Bc conſequently. - 


Step 
_ Since 


cD 3 1s 10 


ve” a Circle of equal 
| ' Curvature with the 


* 


Equations, viz. 
Comparing the 34 and 
Ath Steps * 


A That is 
the laft 
Terms 


* * 4 


But by Lemma 11. the 


' ſeribes is to 
3 which the other de 


| - ſcribes in the ſame 


call A and a, and 


Proportion, ix. 


by reducing 
Step to lower 


Area one Body de- 
that] 


"Multiplying the laſt 1 
1 ROM i 
poſed | 
to be the Radius of | 


Figure, we ſhall have | 
by Lemma 9. theſe 


 Extraing the EF ö 
' Root of each * 


- Multiplying bi 8 : 45 | 


Time, as V 8P to 
„ 5þ, which Areas 


we ſhall have this 
Comparing the 8th and 


- 2 


gth Steps 


to ab X 


» 
” * 


Now the Area of the whole Ellipſe ADB is to that of the 
. 3 other adb, as AB the longer Axis multiplied by QN the ſhorter, 
Mole x, ' thoſe Quantities therefore may be 
"themſelves: If then we call the Time in w 
and à are deſcribed in, one, (as ſup 
Mine) and the Times the whole E 


9 5 


. Doftrine 


And in ike Manner the Poreretaiing the other | 


SP LxSD® ﬆ 
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and t, we ſhall have (ſince the Area a revolving Body deſcribes . 
is proportional to the Time it is deſcribed in) the following 

> Analogies, vs. fi: T:: A: ABXQN 
And 5 Ore I211:t:;:. : abXgqn 8 > 

Steps toget er we 141 12 T:: ga * 5 
aa 1; 

lowing ones, vin. JI4 [r : abxgn 
By De L'Hoſpit. Cn... 

Sect. Liv. 2. Def. 8. 15 AB; QN 2 QN 8 | 

Turning the laſt Pro-| | | | „ 


— 


Portion inta gn Equa- i = 
fen 16} AB L = N ! 
ExtraQting the Square 1 | 
* Reo of each Side 41 EE 
of the Equation [VN N 


And in like Manner 18 R = gn" | 
Comparing the 13th At F. ; 125 7 7 d 
and 17th Steps to- | \ | 1 8 
gether lig: T:: ABN 

| And comparing the 14th 3 . 5 Ye 

dei bebe f 2p: Diab XV GR 

- Dividing the latter Part |: |. 1 BET fo, 
of the 19th" Propor- = BS: 
Dividing the latter part! | 


, 


of the 2oth Propor- MOR Sr 
tion by N $2 [1:25 HY 80iR af of 
Comparing the 21ſt and 3 | 
224 | 23 T: ABN VD a 
Squaring each Term 24 TT: it :: ABN AB: ab ; | 
| That is. "qu 25 Ii. 5 
Be But half the longer Axis AB is equal to the mean Diſtance | 
Ch SN, (De L' Hoſpit. Conic, Sect. Liv. 2. Coroll. 3. of the De- | 
A finitions) therefore fince Halves are proportional to their 4 
* A 126 [TT : 7: $N®: an, Q. E. D. 
and 1 5 5 5 ö ; ; : i TM 5 5 | 
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Paſſing from A towards B deſcribes the 


e obs Be W. 


Prot, IX. If be r. retaining Bbwer decreases 
| ſomething faſter as you = from the Seat 
thereof (or which is the ſame Thing, increaſes © 
OR faſter as you. come 600 it = than 
in the Proportion mentioned in the laſt ; 
ſition, and the Figure which the 1 
deſcribes be not à Circle, the Axis of tha cur 


1 will turn the - fame Way the Body dere oi ; 


but if the ſaid Power decreaſes"(or' increaſes): . 
" ſomewhat flower than in that Proportion, the 
Axis of the Figure will turn the contrary Way. 
Thus,. if a. revolvin dy as D, Fi 185 39. 
igure 
ADB, whoſe Axis AB at preſent points to- 
wards M and N, and the Power whereby it is 


retained decreaſes faſter than the Square of the 
Diſtance increaſes, after a Number of Revolu- 
5 5 the Axis of the Fi igure will point towards 
O and P, and after ACh towards daes R, Sc. 


revolving round the ſame Way with' the Body, 
and if the retaining Power decreaſes flower 


than in that 5 the Axis will turn 
the other * O - 


O Dine." Let $3 in Fig. 10 nt 00 Seat at of e 
Power, and let a Body as D, deſcribe the Orbit ADB paſſing - 
from A towards B; and let another, as N, deſcribe a revolving - 
Orbit as MNO equal and ſimild? to the former, and ler both the 
Orbits be deſeri ibed 3 in the ſame Time; and let the Velocity 
wherewith the Orbit MN O revolves be ſuch, that the, Angle 
A SN-thall always be rtional to t An gle ASD 5 
explain this * Mrs fatther, ſuppoſe that when the Bodies Nan 


D ſet out from M and A, . two Points were then t 8 


[ | at A; or that the Orbits did then coincide; but that N adVances 
| forgards? in 7 POP us * * 55 Angle A N N is at any | 
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Time double, trehle, or in any other Proportion of the Angle 
ASD, it hath ney: be ſo: That is, that the Line SN all 
always move faſter or ſlower than the Line SD in ſome certain 
Proportion; and that the Point M ſhall follow or go from the 
Body N, ſo as that the Arch MN ſhall be always equal to the 
Arch AD. And let it farther be ſuppoſed that the Line SN 
is always equal to SD. e 8 
The firſt Inquiry which ariſes here is, whether this be @ 
poſſible Caſe ; that is, whether the Body N, moving with the 
above-mentioned Reſtrictions, the Line SN can deſcribe: Areas 
roportional to the Times, becauſe as was ſhewn, Part I. Chap. 
N. that is always requiſite where Bodies revolve round a Center, 
and are retained in their Orbits by a Force ſituated in that Cen- 
ter, Let it then be confidered in the firſt Place, that the Body 
D, revolving in the quieſcent Orbit ADB, may do fo, its Moti- 
on being clogged with none of thoſe Suppoſitions; ſecondly, 
that the Line NS' is always equal to DS, aud the Velocity 
wherewith its Extremity N moves forwards, is proportional to 
that which D, the Extremity of the other, moves with; and con- 
ſequently the Areas which one deſcribes, (for the Areas depend 
ſolely on the Length and Velocity of the Lines that deſcribe 
them) will be proportional to thoſe which the other deſcribes ; 
Since then thoſe of the former may be proportional to the Times 
they are deſcribed in, it is poſſible thoſe of the latter may be ſo 
too; the Suppoſition thereforg above lai wn is not abſurd. 
The next In airy is, by what Law the Action of the central 
Force at 8 muſt decreaſe as we recede from it, that a Body as 
N may deſcribe the revolving Orbit MNoO in the Manner 
above- mentioned. Or, which will anſwer our Purpoſe as well, by 
how the. Force neceſſary to retain the Body N deſcribing the 
revolving Orbit MNO, muſt differ from that which is requiſite 
to retain the other Body D deſcribing the quieſcent Orbit ADB 
equal and fimilar thereto, bY $7 nee 
In order to this, let DR, in Fig. 41. repreſent à Portion of the + 
quieſcent Orbit deſcribed in the leaſt Time poſſible; this then 
may he conſidered as a ſtrait Line; and let the Motion of the 
Body along this Line be reſolved into two, the one towards 8 a- 
long the Line DT, and another along the Line TR at right An- 
les to DT.; then will DT repreſent the Velocity wherewith tba 
Jody deſcends towards 8, and conſequently the Action of the 
central Force whereby it is retained in the Arch DR ; and TR 
will repreſent the Velocity by which it advances forwards in th 
mean Time. Let it now be ſuppoſed that the Orbit ADB ad- 


= 


2. 


vances forwards, while the Arch DR is deſcribing; but not by *_ 
Virtue of any additional Force in the Center, but by ſome ex- 
trinſie one, no matter what That is, ſuppoſe. that the Line SN 


. 


turns 


\ 


11 
= 
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ttrns round the Point 8 faſter than it would otherwiſe have done, 
. . carrying the Body with it ſo much the faſter ; but that the Body 
deſcends towards S along that Line juſt as it did before: That 
is, in other Words, that the Line DT which repreſents the 
Deſcent of the Body, is of the ſame Length as before; but that 
the other Line TR, which repreſents the Progreſs of the Body 
forwards, is longer than it was in the other Caſe. Let it then 
become I Caſe, the Body moving over the Line 
DT and the Line TQ in the ſame Time, will in reality get, to 
the Point Q; But obſerve, that the Point Qis farther from S than 
the Point R is, becauſe the Angle at Tis a right one; whereas 
the Law which we laid down above for the Motion of a Body 
- deſcribing a revolving Orbit was ſuch, that at the End of the 
Time in which DR would be deſcribed in the quieſcent Orbit, 
the Body in the revolving Orbit ſhould be at the ſame Diſtance 
from 8 as if its Orbit had not revolved ; if then round the Point 
'S, we deſcribe-a Circle as RFG, and through 8 draw the Line 
28, N muſt be the Point the Body muſt come to. Since then 
_ the Body, in deſcribing the revolving Orbit without any Addi-, 
tion to the central Force above what would cauſe it to deſcribe 
the quieſcent one, would come to Q; but with ſuch an Addi- 
tion as is neceflary to make it reyolve in the Manner above laid 
down, it comes to N, it is obvious that the Line QM, being the 
' Diſtance between thoſe two Points, will aptly repreſent that Ad- 
dition. It remains then to find the Meaſure of that Line, which 
may be done in the following Manner, , oa nr” ge 
* Produce QT to E, then (by 36. El. z.) will the Rectangle 
QN x QG be equal to QRXQF. Therefore 3 
„ FR og £1 + | 1] QNx SSN 
Dividing by 88 QN = +54, 


Tet it be obſerved'then in the firſt Place, that as the Motion 
of revolving Bodies is ſuch that they deſcribe equal Areas in 
equal Times, the longer the Line DS is; that is, the-nearer D 
is to A, the ſhorter the Line TR muſt be; and for' the ſame 

Reaſon, the Line QT alſo : That is, both TR aud QT are 

- . reciprocally as SD, which let us put thus; e 
3 | — » n 14 15 6 
Ad .= 8 


| | 0 6 QT 25 85 8 i 

5 A that ſince Rx | _ 3 us 
is a Chord of a Circle, and| | _ 7h 
: ST perpendicular to t  [|5| TR=TF 


2 


* 1 


From 


1 


ad. 
* 


. by” 


From the Figure | 6] QR=QT—TR 3 
Becauſe RT and TF are equal | 7| QF=QT4TR © ooo 
Since then by the zd and 4th Steps, TR and QT are both. 


reciprocally as SD, and by the 6th and 7th Steps, QF, is equal 
to the Sum of thoſe Lines, and QR is equal to their Difference, - 
it is obvious that QF and QM are alſo each reciprocally as'SD, 


which put thug.” $1 QF: 
nnn; . aan 
'Multip ing the 8th and qthh . . 1 25 8 
3 * 11 *. 0 Toe” 


Obſerve alſo that when the Points D, T, R, Quand N coincide, . 
which muſt ever be ſuppoſed, becauſe we are all this Time con- 
ſidering only what is done at one and the ſame Point of the Curve 
ADB, QN is nothing with reſpe& to NG, therefore QG and 
NG are the ſame Line; therefore QG may be ſaid to be as NG, 
or as half of it, viz. RS, or which will be the ſame Thing, DS; 
therefore inſtead of Q in the ad Step, we may put DS, and 


Fe Su” | | | | R NQF 

then it will ſtand thus [11[QN= INN 

The 11th Step without alter. !!! 
ing the Value of it, may be | 8 Ms N 1 ok 

Fa: ly ee | 
omparing I 1 I 2 1 | P 

Steps together we have 13 WN Ds 

| 356,27 22 Jeans 

That , 1 =* 


That is, the Line QN, or the additional central Force requiſite 
to cauſe a Body to move in a revolving Orbit muſt be reciprocally 
as the Cube of the Diſtance of the revolving Body from the Seat 
of the retaining Power. Whereas then, when the centripetal. . 7 
Force decreaſes as the _— of the Diſtance increaſes, the re- 1 
volving Body deſeribes a Parabola, an Ellipſe, or an Hyperbola; | 
if to that centripetal Force be ſuperadded another, that fhall 
. decreaſe as the Cube of the ſaid Diſtance increaſes ; thoſe two 
Forces acting conjointly upon a revolving Body ſhall cauſe it 
to deſcribe the ſame Figure as before, but the Axis thereof 
ſhall reyolve the ſame ay that the Body does. | | 
But obſerve here, that if a Force decreaſes faſter in any Degree . 
whatever than the Square of the Diſtance increaſes, but lower 
| than the Cube, that Force is the Sum of two Forces, one of 
d 4 | : 


— 
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Thus it is the Heavenly Bodies, viz. tlie 
Planets both primary and ſecondary, and alſo 
the Comets, perform their reſpective Revolu- 
tions. The Figures in which the primary 
Planets and the Comets revolve, are Ellipſes, 
one of whoſe Foci are at the Sun, The Areas 
they deſcribe by Lines drawn to the Center of 
the Sun, are in each proportional to the Times 
in which they are deſcribed. The Squares of 
their periodical Times are to each other as the 
_ _ Cubes of their mean Diſtances from the Sun. 
The ſecondary Planets deſeribe alſo Circles or 


which, decreaſes as the Square, the other as the Cube of the 
Diſtance increaſes. Thus for Inſtance, let the Diſtances be as 
2 to x, the Squares of them will be 4 to 1, their Cubes 8 to 1 
and let the Forces be 6 to 1; I ſay, this Proportion will ariſe 
from adding 4 to 1 to 8 to 13 for 4 to i added to 8 to 1, is 12 
to 2, that is 6 to 1. Again, let the Forces be as 5 to 1; I ſay, 
this alſo will ariſe from adding 4 to 1 to 8 to 1; for inſtead of 
4 to 1 let us take 12 to 3, which is the ſame Thing; this ſuper- 
added to 8 to 1 males 20 to 4, that is, 5 to 1. Again, let the 
Forces be as 7 to 1; this alſo is the Sum of 4 to 1 added to 8 to 
13 for inſtead of 8 to 1 we may take 24 to 3, which added to 
to 1 gives 28 to 4, or 7 to one. And the lame for Fractions: 
So that let a Proportion be what it will between 4 to 1 and 8 to 
1, it may be conſidered as ej + from 8 to 1 added to 4 to 1. 
When the retaining Power therefore by which a revolving Body 
. 3s kept in its Orbit, decreaſes faſter, than the Square of the 
Diſtance increaſes, but not ſo faft as the Cube thereof does; it 
1s a Power decreaſing as the Square, having another Power de- 
- \ creaſing as the Cube of the Diſtance ſuperadded to it; and 
therefore as the Propoſition in the Text aſſerts, if the retaining 
Power decreaſes ſomething faſter, &c.. Q. E. D. As to the 
Figures turning the contrary Way, when the centripetal Force 
decreaſes ſomewhat flower than as the Square of the Diſtance 
_ ' Increaſes; that is demonſtrable after the ſame Manner, mutatis- 
andi; and therefore needs not be inſiſted on. 
Ellipſes, 
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Ellipſes, one of whoſe Foci are in the Center 


of their primary ones. The Area that each . 


deſcribes by Lines drawn to the Center of its 


Primary, is proportional to the Time it is 


deſetibed in. The Squares of the periodical _ 


Times of the'Secandaries, belonging to the ſame 
Primary, are to each other as the Cubes f 
their Diſtances from their Primary. And above 


all, that very Force by which Stones or heavy x 


Bodies fall to the Surface of the Earth with us, 
is at the Diſtance of the Moon, juſt ſufficient 
to retain her in her Orbit, ſuppoſing it to de- 
creaſe as we go from the Center of the Earth 
in that Proportion, in which the Cauſe, that 


retains her and the reſt of the Planets in their 


Orbits, whatever it be, muſt do to make them 
elliptical (J). And farther, Which alſo is a 
| 1 | 2 ND neceflary 
(1) To find out whether this be ſo or not, let us calculate” 
what Velocity the Moon would acquire, were ſhe to fall half 
Way to the Center of the Earth by Virtue of that Gravity, 
whereby heavy Bodies tend to the Earth; and compare it witk 
the Velocity ſhe moves with in her Orbit; becauſe by Lemma 
2. of this Chapter, if ſhe be retained in her Orbit by that Gravity. 
thoſe Velocities ought to be the ſame. The mean Diſtance of 
the Moon from the Earth in round Numbers is 60 Semidiame- 
ters of the Earth; therefore che Force of Gravity at the Diſtance | 
of the Moon is the Square of 60 Times leſs than it is at the Sur 
face of the Earth; therefore the Fall of a Body at that Diſtance 
in'a Second of Time, will be ſo many Times leſs than it is here; 
but the Fall of a Body herein a Second, is about 15 Paris Feet, 


conſequently at the Moon it is but 604166 Feet. The Space 


then a Body would move over in a Second, with the Velocity 
acquired by that Fall, is, by Part I. Chap. 5. F. 7. twice that 
Quantity, viz. , F; 32 Feet, which Number therefore may be 
E expreſs the Veloci 


ocity a Body would acquire thereby. Nom 
uſe the Velocities which Bodies acquire by falling, are as the 
| © _ Square 


-” 


Orbit, (ſuppoſing the Semidiameter of the Earth to be 196955 39 


| neceffary 9 Of 15 we are ; about to / 
lay down, the Motion of the Planet Sarurn is 
_ obſerved to be diſturbed by Jupiter; and the 
| Secondaries of Jupiter to 95 diſturbed in their 
Motions upon the nearer approach of Saturn; 
and the Courſe of the Moon is inceſſantly al- 
tered by the Action of the Sun, in ſueh Man- ; 
ner as to cauſe all thoſe Irregularities mentioned 
in the 8th Chapter of this Part. All which, 
together with the Preceſſion of the Equinoctial Ip 
Points, the Nutation of the Poles of the Earth, 
and the Phænomena of the Tides, which na- 
turally flow from it, make it extremely pro- 
bable that there is a Virtue diffuſed 4 the 
Sun and Planets, not unlike that of Attraction, 
which decreaſes as the Squares of the Diſtances 
from the Centers of thoſe Bodies increaſe, and 
acting upon Bodies in Proportion to the Quan- | 
SquareRoots of the Spaces fall through, Part I. ee 3. 


F. 6. ſay, as the Square T Roor's 5004166, is to the oot 
of 590866170, which is half the Semidiameter of 4 Moon v/ 


Feet, which is Cafſini's Meaſure, and the Diſtance of the Moon 
from theEarth to be 60 Semidiameters as above) ſo is ,608332 ta 
3135 Feet, which is therefore the Space the Moon would move 
over in a Second with the Velocity pe would acquire by falling 
half Way to the Center of the Earthz But this comes within an 
hundredth Part of her Velocity in her Orbit, as may eaſily be 
calculated from the Time ſhe revolves in, vix. 27 Days, 7 
Hours, and 43 Minutes, and the Semidiameter of — Orbit, 
which according to the Meaſures we have taken above, is 
1181732340 Feet. That Force therefore by which Bodies fall 
to the Ground with us, is at the Diſtance o the Moon ſuch as 
is requiſite to direct her Courſe, | 
*N. B. The Proportion of a Fark 3 to that of Erhard, 
25 9 WR . VP a 


tity 


thoſe 


very near the Center of the Sun. In like 
Manner, the Moon does not revolve about the 
Center of the Earth as a Point at reſt, but 
the Earth and Moon revolve each about the 
Center of Gravity common to them both, 
Which Center of Gravity it is, and not the 
Center of the Earth, that deſcribes the Orbit 


ed by Secondaries. 


P 1 % . 
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tity of Matter they contain: cauſes the Comets 5 
and primary Planets to revolve about the Sun, 


and the Secondaries about their reſpective pri- 


1 mary Ones, according to the Tenour of Ho 
IM P ropoſitions laid down in this Chapter. 


This being allowed, it will follow that as 


the Sun attracts the Planets, and thereby re- 
tains them in their Orbits; they in like Manner 
attract the Sun, though with. Forces propor- 
tional =o to the Quantities of Matter they 


contain; 
Planet revolves not about the Center of the 


that ſtrictly ſpeaking, each primary | 


Sun, but about a Point which is the Center of 
Gravity between the Sun and that; and that 
the Sun moves alſo round that Point, and is al- 


ways oppolite to the Planet with reſpect there- 
to: And likewiſe that the Center of the ſolar 
_ Syſtem is not in any one Body, but in the 
common Center of Gravity of all the Bodies of 
which it conſiſts. But then the Sun is ſo im- 


menſely large in reſpect of any one, or all of 
Bodies put together, that that Center is 


which the Earth is commonly ſaid to reyolve in. 
And ſo of the other Planets which ate attend- 


The 
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The e in the Motion of 
. Planet Saturn, and thoſe of the Secondaries of | 
| |. Jupiter, owing to the Cauſe, above-mentioned, 


de ſo exceeding ſmall, that it ſhall ſuffice to 
| have juſt mentioned. them. 


bh The more remarkable Effects of the diſturb- 
1. 


ing Force of the Sun, are the lunar Irregularities, 
| the Preceſſionof the Equinoctial Points, the Nu- 
3M tation of the Poles of the Earth, and the ebbing 
| | x and flowing of the Sea, which ſhall be particu- 
1 2 85 e in * following an 
; > 


PX 1 a * * — _ . th. £ 9 Sk n 
= — * 
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1 5 * Lunar Irregularities, the Pre- 
. Fe ceſſion of the Equinoctial Points, 
* the Nutation of zhe Poles of the 


Earth, and the Sbbing and is | 
- of the. Sea. ; 


I. 5 IL account for the 1 reveals; 


— — 


/ 


let S in Fig. 42. repreſent the Sun, 
Earth, and LMNO the Orbit of the 
Moon, and let the Moon be in one of its Wa- 
dratures at L, and let the Lines LS and TS be 
drawn. It is obvious, that the Tendency which 
| the Moon has towards the Sun is along the Line 
SR 1.8, and that which the Earth has, is along ſhe 
1 Line TS:_ Let then the former of 77 5 — 
= 12 | reſolved © into two Ns the one along LA, 
1 . 
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parallel and . to T8, the other from L 
to T, along the Line LT. The former f 
theſe Tanna. being parallel and equal to 
that whereby the Earth tends, along the Line 
T3, alters not the Situation of the two Bodies 
Land T. with reſpect to each other; that is, 
it diſturbs not the Motion of the Body L ; but 
the other along LT increaſes its Tendency to- 
Wards I. 
And this: Increaſe will be to the Tendency ; 
which the Moon has to A; that is, the ſame the 
Earth has to 8, as the Diſtance LT to LA, or 
T8. Or in other Words, the Gravity of the 
Moon towards the Earth in the Quadratures 
is 2 by the Action of the 8un; and 
that Augmentation is to the Fradeney the 
Earth has to the Sun, as wy Length of the 
Line LT, or the Diſtance of, the Moon from 
the Earth, to T8 the Diſtance of the Earth 
from the Sun. 

So that the greater the Moon's Diſtance is 
from the Earth, the Diſtance of the Sun te- 
maining the ſame, the greater will this in- 

creaſe of the Moon's Gravity towards the Earth 
be. But if the Diſtance of the Moon from the 
Earth remains the ſame, and the Diſtance of | 
the:Sun be augmented, this additional Increaſe © - 


will be the les in Froremien s to the Lube of 
| that Diſtance (a). 
120 


(a) For, if TS be increaſed while LT remains the ſame, 
LT will be ſo much the leſs with reſpeR to TS, that is, the In _ ' 

en wll by Giminiſhed jy Proportion to the Sun's > is 3 | 
3 


\ 
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Let now the Moon be in one of its Syzygies 
at M, then will the Tendeney ſhe has to the 
Bun over and above what the Earth has, which 
is farther off at T, be to that which the Earth 
has, as the Difference ef the Squates of SM 
and ST is to the Square of SM: But the Diſ- 
ference between the Squares of SM and ST 
bears nearly ſuch Proportion to the Square of 
SM as twice MT, that is MO, does to SM; 
decauſe the Difference between the Squares of 
two Numbers whoſe Difference is very ſmall 
with reſpect to either of them (as the Difference 
between SM and ST is with reſpe& to the 
© Diſtance of $) bears little more than dcuble the 
Proportion to the Square of the leſſer Number, 
that the Difference between the Numbers them- 
ſelves bears to the leſſer Number (n). The 


But when TS, the Diſtance of the Sun, is increaſed; the abſolute 
Force of the Sun, and therewith the above-mentioned . 
will be diminiſhed alſo in Proportion to the Square of 
_ Diſtance, conſ- uently taking in both the Accounts, it wi ll, 
upon the whole, be diminiſhed in Proportion to the Cube of 
.. thatDiſtance. . - 
. (m) Dem, Let à be, the leſſer Number, and a + 3 the larger, 
let their Difference 6 ___ a NE ſmall Pe to the 
leſſer . Z : 
The Square of the leſſer is „ + of aa 5 
The Square of the larger ie — — aa + 2ab + bb 
The Difference between theſe is —— . =_ ＋ 23 
And bb being rejected as n, the en = 
1 WE is only TON bal 
the Pro on 26h to ae is a 14 
out of each Term) — Sg 20 ton. 
But 26 to a, is double the Proportion that once & has to a, and 
© therefore the Difference between the Squares of the two Num- 
berz bears little more than double the Proportion to the $ a 
of the leſſer Number, that the Difference nv the 
den themſelves bear to the leſſer Number. Q E. D. 


Tendency 
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Tendency therefore which the Moon,” when at 


M, has tothe Sun, over and above what the Earth 


has, is to that which the Earth has, nearly as 


MO, or twice TL, to SM, or becauſe of the 
Sun's great Diſtance, as twice LT to T8. Her 
Tendency therefore to the Earth is now dimi- 


niſhed in that Proportion: But, as was ſhewn 
above, it was augmented in the Quadratures 
in the Proportion only of LT to T8. The 
Diminution here is therefore nearly double of 


the Augmentation there. 

And whereas that Augmentation, hos the 
Diſtance of the Sun remains the ſame, was 
ſhewn to encreaſe with the Diſtance of the 


Moon; but when the Diſtance of the Moon re- 


mains the ſame, to decreaſe with the Cube of 
the Sun's Diſtance ; this Diminution being al- 
ways nearly double of that, will do ſo likewiſe. 
When the Moon is in the other Sy yaygy ar 
O, 'ſhe is attracted towards the Sun lefs than 
the Earth is by the Difference of the Squares 
of SO and ST ; which as to the Effect, is the 
ſame thing as though the Earth was not at- 
tracted at all towards S, and the Moon were 
attracted the contrary Way, ſo that her Ten- 
dency to the Earth ts here alſo dimminiſkied, as 
well as when ſhe was at M, and almoſt in the 
ſame Degree; for on Account of the Sun's 
t Diſtance, the Difference between the 
* uares of 80 and ST is nearly the ſame aa 


between ST and SM. 


Or becauſe this Way of accounting for the 8 
Diminution of the Gravity of the Moon to- 
Vor. II. Aa wards 


OY 
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Wards che Bath in the Syzygies may not be 
ſufficiently clear, it may be confidered other- 
wiſe, thus. The annual Courſe of the Moon 
round the Sun being performed in the ſame 
Time that the Earth's is, ſne ought to be re- 
tained in that Courſe by the ſame Force that 
the Earth is; whereas when ſhe comes to M. 
the Action of the Sun upon her is greater than 
it is upon the Earth, by the Difference of the 
of SM and ST; and when ſhe is at O, 
it is leſs than it is upon the Earth by the Dif- 
ference between the Squares of 8T and 80: So 
that in the former Caſe ſhe is drawn too much 
towards the Sun, and in the latter too little; 
and therefore in both Caſes her Tendency to- 
wards the Earth is diminiſhed; and almoſt in 
the ſame Degree; becauſe, as was obſerved 
above, the Difference of the above-mentioned 
Squares is nearly the ſame in either Caſe. 
Let the Moon be in a Point of her Orbit 
between the 'Quadrature and the Syzygy, as 
at L in Fig. 43. Then being nearer the Sun 
than the Earth is, ſhe will be attracted with a 
ſtronger Forer: Let it be expreſſed by LS 
produced to D al LD be ef luck 
that TS being put to expreſs the Action of 
the Sun upon the Earth, LD may be long 
enough to expreſs the ſtronger Force of the 
Sun upon the Moon: And let LD be reſolved 
into two others, one of which let be LA equal 
d parallel to T8; then will the other be 
ND, or its equal and parallel LG, This 18 0 


* 
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the only diſturbing Force pon the 
; „the 8 LA being ae aud equal 115 
8, affects te Moon ſt as the Sun does vs 
Earth; and {: alters not their Situations. 
reſpect to = other. Let then, to avo 4 A; 
FN of Lines, this Figure with the.” 
LG, be remoyed to the 44th. * Thi : Pore 2 
77 may be reſolved i into # and L | the ol 
angent to the Orbit of the Moon, and th 
other a Perpe dicular thereto: T former 25 
| IFRS the Motion of the Moon when going | 
rom the Quadrature at Q. to the Syzyg) at B; 
and will retard it when goipg from to 
The other when H falls upon TL produced, 
as in this Fi igure, "diminiſhes | the Tendency 
the Moon tow: Tal the Earth; and when it falls 
between L and T, it augments it. 

When the Moon 1 Lb [nah the 155 
drature R and the oppoſite 8 SYoygy 
45. the Tendency of the Moon 93 * J 5 
Sun is leſs than that of the Earth ; it may then 
be expteſſed b LD, a Line ſhorter than 'L Op 
and is reſolvable into LA. a Line equal and 
parallel to TS and DA, or its Equal and. Pa- 
rallel LG. Which LG is hs, only | diſturbing 
Force, and may, as. in Fig. be reſolved 
into two 6 one of NS ſhall d raw the 

Moon towards O, the other to or 545 T, as 
the Caſe may ha ppen. So that i in the firſt Place, 
the nearer the 3 * is to its Lib the 


greater will be its Velocity; an Eure rut 
is to the Quadratures, the lower” i will _ ; 


ü me Or Une 


Aa 2 b cauſe 


1 
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| becauſe one of the Forces into which LG is 
reſolvable (as LI in Fig. 44.) accelerates its 
Motion from the Quadratures to the Syzygies ; 
and retards it as much from thence to the Qua- 
dratures. Which is the firſt Irregularity (n). 
2. When the Moon is in the Quadratures as 
at L or N, or in the Syzygies as at Mor O, 
ſee Fig. 42. the diſturbing Force is directed to 
or from the Center of the Earth; and there- 
fore when the Moon is paſting thoſe Points it 
is no Impediment to her deſcribing Areas pro- 
| proves to the Times ; but when the is at 
in Fig. 44, or 45. where the diſturbing 
Force is expreſſed by LG, only one of the 
Lines into which it is reſolved, as LH, points 
toor from the Center of the Earth, the other, 
as LI, pointing another Way, prevents her de- 
ſcribing Areas proportional to the Times. So 
that it is only in the Quadratures and Conjunc- 
tions, that the Areas are proportional to the 
Times, #bich is the ſecond Irregularity. 7 
3. The Motion of the Moon being accele- 
rated during her Progreſs from the Quadratures 
to the Syzygies, and retarded from thence to 
the Quadratures, her Motion in the Syzygies 
is too quick, in the Quadratures too flow : 
Add to this, her Tendency to the Earth is in 
the former Situation too ſmall, in the latter 
too large: Both which conſpire to render her 
. Orbit more curved in the Quadratures than in 
the Syzygies, ſo that ſhe runs off farther from 
nn See the Lunarderegularities enumerated in Chap. * 
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the Earth in the Quadratures, and comes nearer 


in the Syzygies than ſhe would otherwiſe do, 
deſcribing an Orbit, one of whoſe Axes, viz. 


that which paſſes through the Quadratures, is 
longer gd which 'paſſes through the 


Syzygies. Which is a third Trregularity. 

4. The 9 75 - the Moon towards the” 
Earth in the Syzygies being about twice as 
much bini Nie Action of the Sun, as 
it is augmented in the Quadratures ; if we take 
a whole Revolution together, it may be con- 
ſidered as diminiſhed only. In the Perihelion 
therefore, at which Time the Earth and Moon 
are neareſt the Sun, it will be diminiſhed tho 


moſt of all; that Diminution (as ſhewn aboy 


being inverſly as the Cube of the Sun's 
tance ; and ſo the Gravity or Tendency of ths | 
Moon to the Earth will be the leaſt. On which 


Account ſhe will run out into a greater Orbit; 
and fo her periodical Time will be greater, 


than when the Earth is in its 9 Which 


is a fourth Irregularity. 
5. When the Moon is in the Quadratures, 
the Action of the Sun (as ſhewn above) in- 


creaſes the Tendengy of the Moon to the Earth 


in Proportion to her Diſtance from thence ; this 
Porce, ſuperadded to the Action of the Earth 
n the Noon” which decreaſes as the Square 
i the Diſtance increaſes, occaſions that Force 
to decreaſe as you go from the Earth, fower 
than it would otherwiſe do; or, which; is the 
ſame Thing, to increaſe flower as you go the 


ANY other 
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| other Way, But by Prop. 1 the foregoing 


Chapter, when a retaini ower decreaſes or 
increaſes lower than the Falk f the Diſtance 
increaſes or decreaſes, and the Planet deſcribes 
5 n Fi the Linea, Apfidum of that Planet 
will go backwards; the Li en Apfidum there- 
fore of the Lunar Orbit, when ſhe is in the 
 Quadratures, goes backwards: When the Moon 
- in the Syzygies the Action of the Sun dimi- 
niſhes her Tendency towards the Earth, and 
thereby make it decreaſe as you go from, or 
incxeaſe as you go to the 7 too faſt; an 
ſo the Lines Alflen at that Time goes for- 
Wards. But the Diminution in the Syzygies 
exceeds the Augmentation in the Quadratures, 
and ſo the Linea Agſidum goes farther forwards 
than backwards every Time, tl at Length it 
krevolves quite round according to the Order of 
the Signs. Which is a. fifth Irregularity. 
6. When the Gravity by wh ich a Planet is re- 
| tained im an Orbit that is excentrical, decreaſes 
| or. increaſes too faſt, the Planet, when going off 


_— — 


from the Seat of the 8 Power, that is, 
towards its upper Ahh, wi $0 off too far: 
| and when it is coming to its lower Ap/is, it 
| 
: 


| will approach too near; and ſo the Excen- 
tricity of its Orbit will be increaſed. When 
in Gravity decreaſes or increaſes. 759 Jl, the 
| Planet will not in the former Caſe go off far 
enough, nor come ſo near to the Seat of the 
retaining Power in the latter, as it ought to do; 
in this Caſe therefore, the Excentricity of its 
5 = Orbit 
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Orbit will be diminiſhed. + But the Tendency 
of the Moon to the Earth when in the Syzy+ 
gies, decreaſes or increaſes too faſt, the Excen- 
tricity of her Orbit is therefore at that Time 
the greateſt; and, on the contrary, it is the leaſt 
when ſhe is in the Quadratures. And if we 
compare ſeveral Revolutions of the Moon to- 
gether, we thall find, that when the Lines 
Apfidum is in the Quadratures, the Excentri - 
eity of the Lunar Orbit will be the leaſt of all; 
beeauſe in that Situation of the Linea Apfidum, 
the Difference between the Tendency which the 
Moon has to the Earth in one of the Apſes, and 
that which it has in the oppoſite one, 18 the leaſt 
of all: Whereas when the Linea Apfidum is in 
the Syzygies, that Difference will be the great · 
eſt; and therefore the lunar Excentricity will 
be ſo too. Which is the finth Irregularii yy. 
62 ene Ip 
7. We have hitherto heeti.confidering ſuch 
Irregularities in the Courſe of the Moon as 
would happen if its Orbit were coincident with 
the Plane of the Ecliptic: But as it is not fo, 
there will ariſe others; in order to account for 
which, it will be proper to premiſe the follow. 
% %% IE oont 
Firft, That when the Line of the Nodes is 
in the Syzygies, . the Plane of the Moon's 
Orbit — the Center of the Sun as 
well as through that of the Earth, and ſo the 
Meon in that Situation of the Nodes, is not 


* . 
3 
3 0 


* 


drawn out of the Plane :of. her Om by 
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Sun. 
8 Secondly, That when the Line of the Nodes | 


"2 is in any other Situation, and the Moon not 


in one of the Nodes, ſhe is continually drawn 
out of the Plane of her own Orbit, on that 
Side on which the Sun lies. For Inſtance, if 
the Plane of her Orbit produced paſſes above 
the Sun, the Sun draws her downwards; if on 
the contrary, the Plane of her Orbit — 
Pater below the Sun, it draws her upwards. 
From theſe two Conſiderations it follows, 
| that when the Line of the Nodes is not in the 
Syrygies, and the Moon having paſſed either 
of the Nodes, has got out of the Plane of the 
Ecliptic on either Side of it, the Action of the 
gun occaſions the Moon to return back to the 
Plane of the Echptic ſooner than ſhe otherwiſe 
would do; but 858 the Moon enters that 
Plane, there is the next Node; ſo that each 
Node does as it were come towards the Moon, 
meeting her Part of the Way, And the 
nearer the Line of the Nodes is to the Qua: 
dratures, the. greater is this Effect, becauſe in 
that Caſe the Sun is the fartheſt of all from 
the Plane of the Lunar Orbit produced. So 
that the Line of the Nodes Lr backwards 
the faſteſt of all, when it is in the Quadra- 
tures; and not at all in the Sveygies. Vbich 
is the ſeventh Irregularity. 


8. Again, when the Nodes are in the Qua- 
dratures, and the * has lately paſſed one 


of 


9 
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of them, and js approaching that Syzygy that is 
next the Syn, the Action of the gan upon the 
Moog prevents her aſcending ſo far; that is, 
_ departing ſo far from the Ecliptic as ſhe other 
wile would do; and fo diminiſhes the Inclina- 
tion of her Orbit to the Ecliptic: And as ſhe goes 
on to the next Quadrature, by haſtening her 
| Deſcent to the Ecliptic, it 08 the Moon 
to croſs it in a larger Angle than ſhe would 
otherwiſe do; and ſo encreaſes the Inclination 
of the Orbit as much as it diminiſhed it before. 
And, for the ſame Reaſon, while the Moon 
3 from that Quadrature to the oppoſite Sy-. 
Action of the Sun decreaſes the In- 
cling n of her Orbit, and increaſes it again in 
her Paſſage from thence to the next Quadra- 
ture. All which needs no farther ['Muftration, 
unleſs the following Inſtance may be of Uſe. 
If you toſs a Stone up into the Air, the Action 
of the Earth upon the Stone prevents it from 
riſing ſo high as it would otherwiſe do; and if 
a 9 be thrown down obliquely, the ſame 
Action, by bending its Courſe towards the Earth 
all the Way, makes it ſtrike the Earth in 2 
uns r Angle than it would otherwiſe do. 
hen the Nodes are in the Syzygies, the 
Inclination of the lunar Orbit to the Plane of 
the Ecliptic is neither increaſed nor diminiſhed: 
The Sun being then in the Plane of the Moon' $ 
Orbit produced. 
But while the Nodes are paſſing from the 
Syzygies to the Ms the W 
ot 
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of the Moon's Orbit to the Plane of the Ecliptic 
is diminiſhed in every Revolution of the Moon; 
and while they are paſſing from thence to the 
Syzygies, it is continually increaſing. So that 
12 Inclination of the lunar Orbit is the greateſt 
of all when the Nodes are in the Syzygies, and 
leaſt when they are in the Quadratures. Which 
i an eighth Irregularity. But this requires a 
particular Explanation. ien 

Let then S in Fig. 46, repreſent the Sun, 
NFDG the Plane of the Ecliptic, QR the 
Quadratures, and MO the Syzygies. And let 

NLDl be the Orbit of the Moon; and ſup- 
* poſe the Nodes at N and D in the Middle 

between the Syzygies and the Quadratures. 

Farther, let there he a Point H in the Ecliptic 

polite to the Point 8, and let the Orbit 

VYLDI be fo inclined to the Plane of the 

Ecliptic, that if it were extended every Way, it 
would above 8 and below H. Then be- 
cauſe when the Moon is nearer the Sun than 
the Earth is, ſhe is attracted towards the Sun 
more than the Earth is; and when ſhe is farther 
off, the Earth is attracted more than ſhe is, in 
which Caſe ſhe is therefore as it were attracted 
the other Way; let us imagine a Sun at 8, and 
another at H; and let it de remembered that 
the Orbit of the Moon produced, paſſes above 
8 and below H: And let the Moon be aſcend- 
ing from N.towards L. Then the Attraction 
here being towards 8, and the Orbit produced 
being above 8, it is obeious that the Moon will 
. | not 


* 
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not riſe ſo high as L, but will paſs to A, a 
Point between L and F, deſcribing the Curve 
N A, fo that the Inclination of the lunar Orbit 
is Fe diminiſhed, While the Moon is 
palling over go Degrees from the Node N, it 
being 18 75 of a Circle from N to A. To 
250i Confuſion in the Figure, let us ſuppoſe 
that the Moon came to 125 In going from 
thence to the next Quadrature at B, Which is 
45 Degrees, the Attraction of S prevails ſtill, 
becauſe the Moon is as yet nearer to 8 than 
the Earth is; and therefore as the Orbit pro- 
duced 1s above 8, and the Moon going down- 
wards, the Attraction of Shaſtens her Deſcent, 
and ſo makes her deſcribe the Curve LC inſtead 
of LB, which if produced would make with 
the Plane of the Beliptic, a larger Angle than 
her Orbit LB does at D; in going over this 45 
Degrees therefare the Inclination of her Orbit 
is increaſed. Let us now ſuppoſe her going 
from B towards D; the Attraction here lies 
towards H, becauſe ſhe is now paſt the Qua- 
drature; and ſhe is tending to a Point below 
H; H therefore attracts her upwards, making 
her deſcribe the Curve BE, inſtead of BD. 
which is about 45 Degrees more, and makes a 
leſs Angle with {A Plane of the Echptic, than 
15 3 Not that E falls ee , it 10 

appens ſo in the Fig becauſe we ſuppoſe. 

9 to move 8 avd B inſtead of A 
and CO. Upon the whole therefore while ſhe 
moves from N to D, the Inclination 5 

: rbit 


— 


. ˙ . Ä 


7 
4 


& RB. 


tracted u pwards . ſo as to deſeribe the 
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- Orbit is diminiſhed during three Parts out af - 
four of her Paſſage. In hike Manner it is di- 


miniſhed by the Attraction of H, while ſhe. 


deſcends from D to I, and 1 by 155 : 
fame Attraction in going from thence to K, 
diminiſhed again between K and N. ad 8 


this, that while the Moon moves from N to L, 


or from D to I, the diſturbing Force, whether 
of 8 or , is much more conſiderable than it 
is when the 1 is between L and D, or I and N; 
becauſe in the former Caſe, the Difference * 
tween her Diſtance from the Sun, and that of 
the Earth from the ſame is greater than it is in 
the latter. While the Nodes therefore are be- 
tween M and R, and O and Q; that is, while 


they are paſſing from the Syzygies to the Qua- 


dratures, the Inclination of the lunar Orbit is 


continnally diminiſhing. 


For though we have ſu prend the Nodes 
equally diſtant from the Ge and Sy- 


1 800 the like Effects will happen, though 
di 


erent in Degree, when they are nearer to 
the one than to the other; as is eaſy to 
i | 

12t now the Nodel be in We mid Way, be⸗ 
tween Rand O, and Q and M, fee Fig. 47. and 


Jet the lunar Orbit produced paſs above S and 


below H as before, and let the Moon be aſcend- 
ing from the Node D towards B. She being 


| there in the Power of H, and moving in a Plane 


which if produced paſſes below H, will be at- 


Line 
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Line DC inſtead of DB, by which Means the 


Inclination of her Orbit will be increaſed. In 


going from thence to I, ſhe is in the Power of 


8, which lies below her Orbit produced, and fo 


her Aſcent will be diminiſhed, and ſhe will go 
to A, inſtead of I; whereby the Inclination of 


her Orbit will be leflened ; and afterwards as 


the deſcends towards N ſhe will be attracted 
downwards all the Way coming to E inſtead of 
N; by which Means the Inclination of her 
Orbit is again increaſed. © So that upon the 
whole it is increaſed three Parts out of four of 


her Paſſage from Node to Node; for the like 


will hold in her Paſſage through the other Part 
of her Orbit, and as well as when the Nodes are 


not in the Middle between the Quadratures and 


the Syzygies, as when they are, except in Point 
-of —— And for Fong Seer wr not in 
the other Caſe, the Force which augments the 
Inclination of the Orbit, is ſuperior -for the 
Time being, to that which diminiſhes it. 
While the Nodes therefore are paſſing from 


the er to the Syzygies, the Inclina- ; 
tion of the Moon's Orbit to the Plane of the 


Ecliptic is continually increaſing. Which is 


what remained to be made out. 
All theſe Irregularities are greater when th 
Earth is in its Perihelion, than when it is in its 
 Aphelion, becauſe as was obſerved above, the 
Effect of the Sun's Action, whereby they are 


> 


produced, is inverſly as the Cube of its Diſ- 


tance from the Earth. They are alſo greater 


when 
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Fur the Moon is in Conjunction with the 
un, than in Oppoſition for the ſame Reaſon; 
for the Earth and Moon taken together, are 
nearer the Sun in the former Situation of 152 
_ Moon, than they a in the latter. | 


[ II. 1 os now. imagine that the Since NLDj 
is a ſolid Ring like that of Saturn, and that it 
moves round its Center T the fame Way the 
Moon does round the Earth; it is obvious that 
every Point of this Ring, will endeavour to 
put on the ſame Motion that we have ſhewn 
the Moon to do: That is, that every Point in 
Its Paſſage from N to L, will endeavour to 

ae in the Line NA, (ſee Fig. 46.) eyery 
Point between L and B, will endeavour to 
deſeribe the Curve LC, and every one between 
2 and D, the Curve BE; and the like for Fig. 

80 that the Ring, as to the Motion of its 
Nodes, and its Inclination to the Plane in which 
jo Center moves, will be affected in the ſame 

Manner that the Orbit of the Moon is; and 

therefore its Nodes, when in the Syzygies, will 

ſtand ſtill, and its Inclination to the Plane of the 


Ecliptic will be the greateſt: In all other Situa- 


tions the Nodes will go backwards, and faſteſt 
of all when in the Quadratures, at which Time 
the Inclination of the Ring will be the leaſt. 
Let us nom ſuppoſe that there is a Redun- 


| | - dancy of Matter ſurrounding the Earth in the 


equatoreal Parts thereof; or in other Words, 
that the Earth is an oblate Spheroid, having 
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its equatoreal Diameters longer than that which 
paſſes through the Poles, as we ſhall ſhew it to 
be in the next Chapter. This Redundancy of 
Matter, will, like a Ring ſurrounding the Earth 
and fixed to it, endeavour to put on the above- 
mentioned Motions, and thereby communicate 
them to the Earth itſelf. The equinoctial Points 
therefore which anſwer to the Nodes of the 
Ring, when they are in the Syzygies, that is, at 
the Equinoxes, will ſtand ſtill, and the Incli- 
nation of the Equator to the Plane of the 
Ecliptic will be the greateſt; in all other Situa- 
tions they will go back wards, and faſteſt of all 
at the Summer and Winter Solſtices, at which 
Times they are as it were in the Quadratures 
with the Sun; and then the Inclination of the 

above- mentioned Plane will be the leaſt. + 


| ent 1 ann 

III. From hence it follows,. that the Axis 
of the Earth, being petpendicular in the Plane 
of the Equator, changes therewith its Inclina- 
tion to the Plane of the Ecliptic twice in every 
Revolution of the Earth about the Sun. For 
inſtance, it increaſes while the Earth is moving 
from the Solſtitial to the Equinactial, and di- 
miniſhes as much in its Paſſage from the Equi- 
noctial to the Solftitial Points. Which Phæno- 
menon is called the Nutation.of the Poles. 


IV. Another Plyznomonotiand of the ſame 5 
Kind with the, lunar Itregularities, is the ebbing 


E 


and flowing of the 'Sea,; only, as theſe on 


384. Dek bbing and Flowing PartIV. 
from the Action of the Sun upon the Moon, 
that is owing to the Influence both of the Sun 
and Moon upon the Waters of the Ocean; 
and is to be accounted for upon the fame 
Principles, after the following Manner. 
Let the Point L in Fig. 48. repreſent the 
Moon, MNOP, the Earth, whoſe Center is 
C. And let G be the common Center of 
Gravity of the Moon and the Earth. Which 
latter let us ſuppoſe ſurrounded. with Water to 


2 great Depth. Then, according to what was 


obſerved at the End of the laſt Chapter, theſe 
two Bodies continually revolve about the Point 


S., the Point M deſcribing the Circle AB; 


the Point C, the Circle NP; and the Point O, 
the Circle EF: and all in the fame periodical 
Time; conſequently, by the third Propoſition 
of the foregoing Chapter, the Forces they re- 
quire to retain them in thoſe Circles ought to 
'be to each other as their Diſtances from the 
Point G: That is, as GM, GC and GO, 
"Conſequently the Point O, which-for Diſtinc- 
tion fake we will call the Nadir, requires a 
greater Force than the Center C; and the 
Center, a greater Force than the Point M. 
"Which we will call the Zenith. Now theſe 
Points are retained in thoſe Circles by the 
Moon at L. conſequently the Nadin which 

requires the moſt, is attracted the leaſt, as 
being fartheſt off; and the Zenith which re- 
"quires the leaſt, being the neareſt, is attracted 
the moſt; that is, the Nadir is . 2. 
+ 295 + 0h | RS ittle, 
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| little, and the Zenith tos much: The obvious 
Conſequence of which is, that the Water both 

in the Zenith and Nadir, will endeavour ta 
leave the Center C; or, in other Words, will 
loſe Part of its Weight. But the Water at N 
and P will have its Weight augmented, juſt 

as the Tendency of the Moon at L (in Fig. 

42.) towards T was ſhewn to be augmented. 

by the Action of the Sun at 8. So that the 
Water at N and P will be heavier. than an 
equal Quantity at Mor O. And conſequently. - 

the Surface of the Waters at N and P will 
ſabſide, and that at M and O will riſe, till 
the Equilibrium be reſtored. On which Ac- 
count, the Form of the Earth, or rather the 
Sea, will become an oblong Spheroid or Oval, 

as repreſented by NKMH, in Fig. 49. whoſe 
longer Axis produced paſſes through the Moon 

at L. As therefore the Moon turns round the 
Earth once a Day, this Oval of Waters turns 
with her, occaſioning thereby the two Floods. 2 
and Ebbs obſervable in each 25 Hours; Or to 
ſpeak more accurately, the Oval of Waters 

keeps. Pace with the Moon in her Monthly _ 
Courſe, while the Earth in- the mean Time, | 


. K eo eee 


ww = © * 


Pare of its Surkkce from Ebb to Flood, and . 
from Flood to Ebb continually... 5 | 

And as the Moon thus raiſes the Water i in _ 
| one Place, and depreſſes it in another, the 
Sun does the ſame; but in a much leſs De- 
greo, on Account of the ſmall Proportionthat the 
Vox. II. 3 Semi 


o o o ” " L * — = 
Va — r 


— * by, 
-. gage E — q 
— AE IR ER or AYES SIE TT TS EY CD .. 
* 


1 3 
8 is 
— e B! ˙² Ls 
— — — —_ _ 1 . 
* = 


| Ebb and Flood is more ſenſible 3 for if thoſe 

Eminences were at the Poles, it is obvious we 
ſhould not perceive any Tide at all: Secondly, 

| the equatoreal Diameter of the Earth produced 

paſſes through the Moon, which Diameter is 


5 5 Ebbing and Flowing: Part W. 


Semidiameter of the Earth bears to the vaſt 


Diſtance of the Sun; for, as was ſhewn of 
the Moon, the Force of the Sun whereby it 


diſturbs her Motion, was proportional to the 
Relation which the Diſtance of the Moon 


from the Earth bears to that of the Sun 
from the ſame; that is, in the Caſe before 
us, the Relation which the Semidiameter f 


the Earth bears to the Diſtance of the Sun. 

When the Moon is in Conjunction or Op- 
poſition with the Sun, the Tides which each 
of them endeavours to raiſe are in the ſame 
Place, which is the Reaſon they are ſo large 


at thoſe Times. Whereas when the Moon is 


in the firſt or laſt Quarter, the Sun being in 


the Meridian when the Moon is in the Hori- 


Zzon, depreſſes the Water where the Moon 

raiſes it, and on this Account, the Tides are 

then {ceteris paribus) the leaſt of all. 
On the full and new Moons, which heres 


about the Equinoxes, at which Time the Lacs 


minarjes are both in the Equator or near it, the 
Tides are the greateſt of all, on the three fol- 
lowing Accounts: In the firſt Place, the two 
Etninences of Water are at the greateſt Diſtanee 
from the Poles, and ſo the Difference between 


V4 25 


j 
—— 


longer than others, and | ſo there is 'a greater | 
Diſproportion between the Diſtances of the 


Zenith, Center and Nadir, from the Center of 


Gravity of the Earth and Moon, than at other 
Times: Thirdly, the Water riſing higher in 


the open Seas, it ruſhes to the Shores with 


ter Force, where being ſtopped, it- riſes 
higher ſtill; for it not only riſes at the Shores 
in Proportion to the Height it riſes to in the 
open Seas, but alſo according to the Velocity it 


flows with from thence againſt the Shore. The 


Reaſon why the Spring Tides, which happen a 


little before the vernal and after the autumnal | 


Equinox, viz. in February and October, are the 
greateſt, is becauſe the Sun is nearer the Earth 
in the Winter than in the Summer, and ſo the 
Tides, which otherwiſe would be the greateſt 


at the Equinoxes, are ſo, a little . — the 


en and as much after the- letter 5 


We * W . Free as Tides f in 
general we muſt now fee what happens as to 
Places of different Latitudes. All which will 
be. ealily underſtood by the Help of the 49th - 
Figure: In which let AFD repreſent the Earth 
whoſe Center is T, the Poles P and O, this 


| the South, the other the North Pole; EQthe 


Equator, and the Circles FH and KD two 
Parallels of it, the laſt on the North Side of it, 
and the firſt on the South Side of it. Let the 
2 luid ſurrounding the Earth, form itſelf into 
rb 'Spheroid, whoſe longer Axis HK 

| _ B b ES produced, 


* 


3 
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| produced, paſſes through the Moon at L. The | 


right Lines TK or TH will repreſent the 
greateſt Height of the Water, reckoning from 
the Center, and ſuppoſing NM perpendicular 
to KH, TN or TM will denote the leaſt, and 
will repreſent the Height of the Water in all 
Parts of the Globe through which that Circle 
NM paſſes. The right Lines TE, TF, TO. 
and TD, ſuppoſing them drawn, will ſhew: the 
| Height of the Water in the reſpective Places 
E, F, Qand D. Let us now conſider a Place, 
Which by the diurnal Motion of the Earth, 
deſcribes the Parallel KD: When this Place is 
at K, the Height of the Water TK, is the 
greateſt; that is, it is high Tide or Flood when 
the Moon L is in the Meridian; but afterwards 
in the ſame Place, the Height of the Water is 
the leaſt, when the Place is come to X, and 
again it is Flood when the Place is come to D. 
But becauſe TK is greater than TD, in the 
preſent Caſe when the Moon is on the North 
Side the Equator, the Height of the Sea will 
be greater, when the Moon is in that Part of 
the Meridian which is above the Horizon, 
than when it is in that which is below it. 
Likewiſe TH is greater than TF, and there- 
fore in a Place which lies undet the Parallel 
FH, or on the other Side the Line, the 
Fgreateſt Height of Water that happens when 
| be Moon is on that Side, 1 
in that Part of the Meridian that ĩs/above the 
Horizon of _ * Hence it is, that the 


Moon 
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Moon in the Northern Signs makes the greateſt 
Tides on our Side the Line, when ſhe is above 
the Earth; and in the Southern Signs when 


ſhe is below-it. But on Account of that libra- 


tory Motion of the Waters, by which they 
thus riſe and fall alternately, and which would- 
continue ſome Time, although the Sun and 
Moon ſhould ceaſe to act, the Difference be- 
tween thoſe Tides which happen when the 
Moon is above and below the Horizon, is not 
ſo great as it would otherwiſe be; and the 
higheſt Spripg Tides are not exactly in the 
new and full Moons, but happen generally 
three or four Tides after them, and ſometimes 
later: Becauſe when the Luminaries come to 
act more forcibly than ordinarily, as being in 
Conjunction or Oppoſition, the Waters will 
| librate backwards and forwards {:veral Times, 
before they arrive at their greateſt Height. 
Things would be thus, if the Globe of the 


Earth were wholly. covered with Water of a + 


ſufficient Depth, but the Continents which 


ſtop the Tide; the Straights, and the Shoalneſs 


of the Sea in ſome Places, which are Impedi- 
ments to the free Courſe of the Water, cauſe 
many Exceptions to what has been laid down; 
and in particular, that even in the open Ocean 
the Time of high Water is not, when the 

Moon comes to the Meridian, but always ſome 
Hours after it. But to be particular in ſuch 
Circumſtances is not the Deſign of this 
Treatiſe. See more in Pbilgſopb. Tranſat. 
| 45 i No. 226. 
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0 ea e 17 Hawe, tte in one Thing, 


which becauſe I don't find it taken Notice of 5 
by others, I ſhall Juſt mention; and that is, 


when the Moon is at its greateſt northern or ſon- 


thern Declination. 'At the Summer or Winter 
 Solftice reſpeQively; there ought to be but one 
Tide in 24 Hours within the arctic and antarct- 
ic Circles; to ſhew this, let KD be the Tropic 
of Cancer, and let the Sun and Moon be per- 
pendicular over a Point of that Tropic, as at L: 


Then, as obſerved before, there will be an Ebb 


at N; but becauſe NPK is a Quarter of a Circle, 
N will be a Point of the arctic Circle, and the 
high Water under that Circle will be at A, 
the Point oppoſite to N; ſo there will be but 

one Flood and one Ebb in 24 Hours Time ; 
And, as is obvious enough, the fame will 
happen in all-Places within that Circle, except 
at the Pole itſelf, Where there is no Tide at 
all. The fame Things will alſo happen at the 
other Solſtice, when the Luminaries are in the. 

Wy of Capricorn. And in thoſe Parallels 
which lie between the above-mentioned Circles 
and the Equator, each Ebb will be nearer the 
Time of the leſſer Flood, than it will be to 
that of the greater. Thus, in the Parallel KD, 
the Ebbs will be at X, and in the Parallel F H, =; 
at V, which Points are nearer to F and D, the 
leſſer Heights of the Water, than to H and K, 
the greater ones. The Reaſon it does not 
happen exactly in this Manner, at leaſt not in 
Point of Degree, is that Riſing and: Falling or 


| Elbration of Waters mentioned above, by q 
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rendered leſs unequal than they FRI to n 
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HAP. XX. 


of the Bigures of the Heavenly. Bodies. * 


HERE AS the Heavenly Bodied do 


not conſiſt wholly of ſolid Matter, but 


are in all Probability . partly fluid and partly 
ſolid, like our Earth, or at leaſt were fo at firſt; 


ol which have no Motion about their Axes, 


if ſuch there be, will, from the mutual Gra- 


vity and Attraction of their Parts among them 80 


ſelves, ſettle into a ſpherical Form. But as to 
ſuch as revolve about their Axes, all their Parts 
will endeavour'to recede from the Axis of their 


Motion, and thereby the equatoreal Parts, where 


the Motion is the quickeſt, will tend leſs to- 
wards the Center than the reſt; their endea- 
vour to fly off from the Axis, about which they 


; y 


revolve, taking off Part of their Tendency that _ 


Way; fo that thoſe Parts will become lighter 


than ſuch as are nearer the Poles. The polar 


Parts therefore will preſs in-towards the Center, 


and raiſe the equatoreal Parts, till the Quantity 
of Matter in the latter is ſo far increaſed, as 


to compenſate for its Lightneſs, and an Equi- 


librium be reſtored. On which Account, the 


Form they will aſſume, will be that of an oblate 
e 1 22 ſhorter Axis paſſes thro the 


5 B b 4 e * 
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Poles. And other Circumſtances remaining the 


: "fame, the faſter the Bodies revolve, the more 


oblate or flat will their Form be; accordingly 
the Axis of the Planet Jupiter, which Planet 
turrxs round its Axis in leſs than 10 Hours, is, 
as appęars from the Obſervations of Mr. Flam- 
Nead and Monſ. Caſſmi, no greater with reſpett 
10 the Diameter of its Equator, than in the 
Proportion of ſæven to eight. 

By Virtue only of the Rotation of. the Earth 
_ about its Axis, the Weight of Bodies at the 
Equator is leſs than at the Poles, in the Pro- 
e 288 0 2893 that i is, a Body which 
at the Poles we uld wed 289 Pounds, would, 
if carried to the Equator, loſe by Virtue of the 
| centrifugal Force alone, I Pound of 1 its Weight, 
and ſo weigh but 288 Pounds, From hence 
_ ariſes, as A ae above, the ſpheroidical Form 
of the Earth, and from that ſpheroidical Form 
ariſes another Diminution of Gravity at the 
. Equator,, by which, if the Earth were homo- 
genious throughout, Bodies at the Equator 
would loſe one Pound in 1121, and ſo on bot 
Accounts taken together, the Gravity of Bodies 
at the Poles would be to the ſame at the Equa- 
tor as 230 10 229 (eh. From whenes if we 

ſuppoſe - 


(a) To 8 this, let us n with 1 Caſſini the Se- 
diameter of the Earth to be 19,695,539 Paris Feet; and which 
Sir I/aac Newton makes Uſe of on account of the vaſt Diſtance 
that Caſſini meaſured, | Since, then the Earth turns round its 
Axis in 23 Hours, 56 Minutes and 4 Seconds, a Body at the 
- Equator moves thro' 1436, 223 Feet in a Second: But the cen- 
trifugal Force of aBody, revolving ina Circle, is equal to the 
FENG Force, which would i be 3 to retain it Any | 


* 


: Chap, Xx. of #he Heavenly Bodies. 393 Fs 


that Circle, and the Space a Body would fall e ges in a Se- 
cond, by Virtue of that centripeta "Utes: is by Chap. XVIII. 

_ Lemma1. equal to the Square ofthe Arch deſcribedin a Second, 
divided _ Diameter of the Circle, that is, in the preſent 
Caſe to-,0523 Feet, or 7,54064 Lines. Now the Space a Body 

falls thro? at Paris, by Virtue of the Gravity there, is 15 Feet, 
I Inch and au Lines, or 2194, 55 Lines. Therefore the cen- 
trifugal Force at the Equator is to the Gravity at Paris as 

7.54064 t02174,055. But Bodies do not fall at Parzs, by the 

whole Foree of Gravity, or as they would doat the Poles of the 

Earth, becauſe they are in ſome Meaſure prevented by the cen- 

_ trifugal Force there. We muſt therefore compute how much 

that centrifugal Force is, and add it to their Gravity at Parts, to 

find what it is at the Poles. Which may thus be performed. 
Let EPO in Fig. 50. repreſent the Earth, PP its Poles, RQ 
its equatoreal Diameter. Let A repreſent any Point between the 

Equator and the Poles, and parallel to the equatoreal Diameter 

EQdraw the Line AH, then (centripetal and centrifugal Forces 
being equal as obſerved above in Chap. XVIII. and EC and 

AH being Radii of the Circles which the Points E and A de- 
ſeribe, while the Earth revolves about its Axis PP) the centri- 
fugal Force at R will, by Prop. 3. of that Chapter, be to that at 

A, as the Radius EC, or which is very nearly the ſame, as A 

to AH. But a Body at A is not thrown off by Virtue of thi 

centrifugal Force directly from the Center of the Earth, but 
from H along the Line HA produced. Let then AB repreſent 
that Force, which becauſe it does not tend directly from the, 
Center, let it be reſolved into two others, viz. BN and AN; 
the former rpendicular to the Radius, the latter coincident 

| therewith: It is by this latter Force only that the Gravity of a A” 

Body at A is diminiſhed. But the centrifugal Force at the 
Equator was ſhewn to be to that other Force along the Line 1 
AB, as AC to AH, and that other is to the Force along AN as 

AB to AN, which becauſe of the fimilar Triangles ABN, and 
ACH is alſo as AC to AH, therefore the centripetal Force at 

the Equator is to that at A, ſo far asitdiminiſhes the Gravity of 

Bodies there, as ACq to AH4 ; that is, becauſe AH is the Co- 

' fine of Latitude of the Place A, as the Square of the Radius to 

the Square of the Co-fine of the Latitude of the Place where 

the Body is. Now the Latitude of Paris is 48 Degrees and 50 

Minutes, the centrifugal Force therefore at the Equator is to that 

at Paris, as the Square of the Radius to the Square of the Co ) 
ſine of that Latitude, that is, as 75 Lines to 3,267, Add 
this to 2174. 055 the Gravity by which ies deſcend at Paris, 

and we have 2177,32z for the Gravity they fall with at the 

Poles: Which — is to 7,540 the centrifugal Force at the 

Feen | Equator, 


mY 


ſuppoſe the Gravity of Bodies within the Earth 
to de directly as their Diſtance from the Center, 
__ © Sit was ſhewn to be in Part I. Chap. 3. F. 8. 
. thoſe Numbers will alſo expreſs the Relation 
between its polar and equatoreal Diameter (9). 
Equator, as 289 to 1. 80 that the Gravity at the Poles is to 
the Gravity at the Equator, ſo far as it is diminiſhed in this 
latter Place by the Rotation of the Earth about its Axis, in the 
Proportion of 289 to 288. But this is not all: For it may be 

= red from what Sir 7/aac Newton has demonſtrated: in his 
Princivia, Book I. Sect. 13. where he treats of the attractive 


. (Calculation too long to be inſerted here) that ſuppoſing the Earth 

to be an oblate Spheroid, ſuch as we ſhall determine by and by, 

- and homogeneous throughout, a Bodyat the Poles even when the 

Earth is at Reſt, would be heavier than the ſameat the Equator 

in the Proportion of about 1121 to 1120. The Weight of a 

Body therefore at the Poles, when the Earth revolves about its 

| Axis, is tothe Weight of the ſame at the Equator in a Propor- 

5 tion compounded of 289 to 288, and 1121 to 1120; that is, 
25 in the Proportion of'230'to'229. _ In 
VNV. B. A Line is the 12th Part of an Inch... 

(e) To ſhew this, call an equatoreal Column extended from 

the Surface to the Center, 7; and a polar Column, x; and call 

i _ the Force of Gravity at the Equator, p : then from what was juſt 

obſerved in the foregoing Note, ſuppoſing the Earth to be at 


Xe, me Force of Gravity at the Poles will be r, becauſe 
2 1120 1121 20 br end and becauſe the Gravity of a Co- 

_ :Jomn, if it be equally heavy in all Parts, is equal to the Force 
- of Gravity. multiplied by the Contents of "Is Column, the 
Weight of an equatoreal Column of Matter, if as heavy in all 
Parts as at the Surface, would, ſuppoſing the Earth to be at Reſt, 

be equal to p multiplied. by r, that is, r; and the Gravity of a 


| polar Column would for the ſame Reaſon be — - but where- 
= as if we ſuppoſe the Force of Attraction inverſly as the Square 
= of the Diftances, the Gravity of Bodies within the Earth will 
| | decreaſe as we go to the Center, Part I. Chap. 3. F. 8. where 

Fs: 2 terminates in nothing, the Weights of — oo —----4 


n+ 7 
.. 
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{> +". _- Forces of Bodies not ſpherical (tho? by a tedious and intricate 
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This is upon Suppoſltion that the Eatth was 
at firſt fluid, or a Chaos, having its ſolid and 
flaid Parts confuſedly mixed together; but if 
we ſuppoſe it at firſt partly fluid and partiy 
dry, as it now is, fince we find that the Land 
is very nearly of the ſame Figute with the Sea, 
except raiſed a little to prevent ĩts being over 
flowed, the Earth muſt {till be of the ſame 
Form; for otherwiſe the major Part of the 
Water would flow towards the Equator, and 


Columns decreaſing uniformly therewith, will be but half what : 


we made them before, that is, 2 —and - "Trae — — Call the centri- 
ſugal Force at the Fe, 13 then ye the centrifugal Force 
decreaſes alſo as we r the Center, and there terminates 


in Co the centri ugal Force of a whole Column of Matter 
will be. Take this away from 25 the Weight of that Co: 


T 


bumsen tand bd Reſt, enen — will 
be the Weight of the ſame when it moves. But bo lah an 


Equilibrium of Parts, this Weight mak be equal to 22, 
which was ſhewn to be the Weight of a Column at the 9 


pr mr 1121 px 
Which givgs eee >. ＋ * Te eee 


Multiplying by 2, we have pr — nr = . 


| 1120 AR 
Multiplying. by; $1806 han © 1120 1120 = 1121 175. 
Which gives us this R 5 2 9 n ee en 
But as was determined in the 
1 Note, p is to 2 
as 289 to 1. Putting ll. 
therefore thoſe Numbers 
ſor p and , in the laſt | 
Step, 'we ſhall have e 
That is, the equatoreal Semidiameter i is to the polar one, 1 
20329. n ſhewn, ' - 
5 ſpread 


% 


— 
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read- itſelf like an Inundation over all the 
Land 1n thoſe ęĩ1ĩw ß ⅛ͤ ͤ³A.¹2 Prtzrgs 
The ſipheroidical Figure of the Earth is 


— 


_ greatly confirmed by Obſervations made with 
| Pendulum Clocks, at different Diſtances from 
the Equator, Firſt of all Monſ. Richer, in the 
. Vear 167, when at the Iſland Cayenne, found 
that his Clock, which at Paris kept true Time, 
now loſt 2 Minutes and 28 Seconds every Day. 
Dr. Halley, going to the Iſland St. Helena in the 
Year 1677, was obliged to ſhorten the Pendu- 
lum of his Clock one eighth Part of an Inch, 
with many others; all which, compared to- 
gether, make it appear that a Pendulum at the 


Equator that ſwings Seconds, ought to be about 
one ſixth Part of an Inch ſhorter than at Paris; 
from whence it appears that tke Difference be- 
tween the Gravity at the Poles and at the 
Equator, is almoſt twice as great as what ariſes 
from the Rotation of the Earth about its Axis, 
and its ſpheroidical Form put together (5). 
And therefore the Difference between the equa- 


55 toreal and polar Diameter muſt be ſo too. 


5 JJC 

] For the Length of a Pendulum, ſwinging Seconds is pro- 
portional to the Space a Body would fall thro" in a Second; 
as being equal to an eighth Part of that Space, Part I. Chap. 6, 
Prop. 10. And the Space a Body would fall through in à Se- 
cond, is proportional to the Force by which it falls; conſe · 
2 the Length of a Pendulum ſwinging Seconds under the 
Equator ought to be to the Length of one that ſhall ſwing Se- 
conds under the Pole, as the Gravities in thoſe Places are to 


each other: That is, as 229 to 230. The Length of a Pen- 


dulum therefore under the Equator, being 4384 Lines, (as — 


two Lines ſhorter than one at Paris, which is 3 Feet 84 Lines] 
the Length of one at the Poles ſhould be 440% Lines ; that is, 
* « | it 
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From hence it is-probable, that the Parts of 


the Earth which lie near the Center, may be 


denſer than ſuch as lie nearer the Surface. For 
on this Suppoſition, and not otherwiſe, is it ac- 
countable, that the Gravity at the Equator 
diſcoverable by Pendulums, and that which 
ariſes from the above-mentioned Cauſes, ſhould 
be ſo different ()). eget ue 
So that upon the whole, Bodies are lighter 
at the Equator than at the Poles, on a three» 
fold Account. Firſt, by the centrifugal Force 


there, in the Proportion of 289 to 288: Se- 


it ought to be but 1,9 Line longer than the former. Whereas 
it, is found by the Obſervations aboye-mentioned, that the Dif- 
ference between a Pendulum in the Latitude of Paris, and one 
under che Equator, is as much as that, or rather more; aud 
conſequently the Difference between one at the Equator and one 


at the Poles would be almoſt twice as much ; there being almoſt 


as much Difference between a Pendulum at the Poles, and at 


Paris, as between one at Paris and the Equator ; And confe- 


nently the Diminution of Gravity is almoſt twice as much as 
that which ariſes from the Rotation of the Earth about its Axis; 
and its 7 1 Form put together... RE. - 

44) If the Earth be more denſe at the Center than near the 
Surface, we may conſider that Redundancy of Matter near the 
Center over and above what there would be there, was the Earth 
of uniform Denſity, apart, and as a ſeparate Body from the reſt, 
than upon Account of the ſpheroidical Form of the Earth, a 


Body at the Poles is nearer to this redundant Matter than at 


quator, therefore ia removing a Body from the Poles to 
the Equator, its Gravity, ſo far as it depends on the Attraction 
of this redundant Matter, that is, that Part of its Gravit) 
which is owing to that Attraction, is diminiſhed :- The whol 
Gravity of the Body is leſs therefore at the Equator than at 
the Poles... As therefore the Pendulum diſcovers a greater Dif- 
ference of Gravity than ariſes from the Rotation of the Earth - 
about its Axis, and the ſpheroidical Form of it conſidered as 
homogeneous, put together, it is very probable that the Earth 


is more denſe at the Center than at the Surface, 


__ condly, 


- — - 1 
* a — a tos CI — rs AO 
— —ũ——ẽ rt we inet 
0 * 7 9 
Kage : . 


— 


. 5 3908 0. the Figures Part IV. 


ara on Account of the ſpheroidical Form 
of the Earth, or its Flatneſs at the Poles, in 
the Proportion of 1121 to 1120; and laſtly, 

on Account of the greater Denſity of he 
Earth at the Center, but in a Proportion not 
yet ſufficiently determined, for want of know- 

ing the exact Length of a en _ 


beg. Seconds at the Poles. 


greater Warmth of the Air near the 
Equator, increaſes the Length of a Pendulum 
by Rarefaction, on which Account alone, it 
would be neceſſary to ſhorten it at the Equator; 
but this, as may be gathered from the Obſer- 


vations of Pitcairn and De La Hire, cannot be 


between this Latitude and the Equator above 
one. fortieth Part of an Inch; for as De La Hire 
obſerved, there was but two third Parts of a 
Line Difference between an Iron Rod ſix Feet 
long expoſed to the Froſt and the Summer's 
Sun. Beſides, this is allowed for above, in 
Taying that a Pendulum ought to be W 
bot one ſixth Part of an Inch. 

It follows from hence, that the "Cendency ur 
 beavy Bodies upon the Surface of the Earth, 
except at the Equator and the Poles, is not 
towards the Center of the Earth, but ace 
a Point between that and the Equator, alo 
Woes perpendicular to the Surface, 'Thus ſe 

EQ in Fig. 50. repreſent the Earth, PP its 
13 its equatoreal Diameter. The Ten- 
deney of a Body as I, upon the Surface of the 
e between E and | of Wl not be towards of 


"Pn 


nas w u al aid WW an: Hed nad Sos 


dhe Arch EEK equal to the Latitude of th 


| ry ding Point on the Surface of the 


ch. XX. of the Heavenly Bodies. 399. 


but along the Line ID which croſſes the equa-/ 
toreal Diameter in a Point nearer' aneh than 


the Point C is E 


Another Conſequence of the hemden 
Form of the Earth is, that as you go from: the. 
polar Parts to the Equatoreal, the Degrees upon 


i e e the, Earth, ee 


that is, a Degree meaſured upon the Meridian 
near the Poles, contains more Miles than the 


ſame meaſured near the Equator. The Reaſon 
of chis is, that, as appears 


by Inſpection of the 


Figure, an Arch near the Poles comes nearer 
to a ſtrait Line; that is, it is leſs curved than 
one near the Equator; the former is therefore 
urch of a larger Circle than dhe laren but 


meter of the Earth, deſcribe a Circle EK 


© Ta determine the Point 9, on 885 e | 


Fig. 50. and make 
lace on the 8 —_ : 
draw LK perpendicular toEQ, oche Sher; Ellipſe i in I, 


heroid, and to the Polt 


the — KT, — K prod uced in T; draw 
Th, which will a Tangent to the Ellipſe in I, and perpen- 


; dicularly there to ID, meeting g EQin n D, the Point ſought. 


Example. Su poſe i it was required to and the Direction of a 
Line along whie — Bodies have a Tendencyto fall in Latitude 
519. 46 * rc Axes of the Earth have PP 1 to be 


to each other as 230 to 229, or as 1 to. 29956524 by : 72 85 : 


of the Ellipſe, as'1 is'to ,995652 ſo is KL, the Sine if x 10 
to ty ual to „7820823 and ſo is the 22 . go. 
An TL, to the Tangent of 389, 


an wich, becauſe IM is paralle 0 T6, 12 he 15 gle 


RIM. Mareover IM, the Co- ne of che gi given Latitude, is 17 


82082 (IL) as adius 1 is to the Sine of c1 „the Angle 
ne: 4 the i of the Angles RIM a Wes 


is the Angle 

RIO, the Complement of which to a right one is OID = 14. 34"; 
and this An le 1 * 81 5 the Line of yn the +. 

ies, it at e from. 2 Line or enter 

> en,” HIOORY 44, If ny 1 
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de berger the Circle, the larger are the De- 


gees meaſured upon its Circumference. For 
in going from P towards E, we are not to 
imagine ourſelves upon the Circumference of 
- Circle 'whoſe Center is C, but to paſs conti- _ 
nually from one Arch to another, which Arches 
are Portions of different Circles, the Centers of 
which approach, as no Arches: neh bes: | 
come more curved. 
| nn the Waters of; ay Earth, iby Virroe of 
Attraction of the Moon, and the Revolu- 
tion of the Earth about the common Center of 
Sravity of that and the Moon, were ſhewn 
in the laſt Chapter, to put on the Form of an 
. . oblong Spheroid, whoſe Axes, produced, pafles 
through the Moon; fo in like Manner, if we 
anfideri the Moon as we have now done the 
Earth, we ſhall find, that as. ſhe turns round 
her Axis in the ſame Time the turns round the 
Irth,- and' therefore has nearly the ſame Side 
| always towards the Earth, whoſe longer Axis 
paints to the Earth; thoſe Parts which lie next 
ie Earth being attracted too much, and alſo 
aving too ſmall a centrifugal Force; and thoſe. 
on the contrary which lie on the oppoſite Side 
of her being attracted too little, and having a 
_ centrifugal. Þo rce too great; which, for the 
5 R aſons given in the above-mentioned N 
Wii neceffarily give her that Form. 
ky et Revolution about her Axis x as:in 
the Earth, give her a contra Figure, but it is 
fo! very * uy” it is without any benfidle 
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CRrovtcari : Riſing and 
Setting of the Stars. 
Part IV. page 265. 
Acriox, its Eau to mn 
action ſhewn. P. 
Alx, defined; its Preflure; 


its Elaſticity; capable of be- 
ing ole 40 by Preſſure; 

its Elaſticity augmented by 
Heat; its Neceffity for — 


Preſervation of Life. P. II. 


P. 128. 

| Aa, what, P. IV. p. 316. 
The ſeveral Ne them. 
P. IV. p. 317+ 

Erna, the Cauſe of its vo- 
mitting up Flames. P. II. 
p. 242. in the Notes. 

ALMICANTARS, what. P.IV. 


p. 2 
Als of x a Star, what, 
Pu IVE $5 AS. 


AMPHISCII, what. : Iv. | 


p. 252. 
AMPLITUDE of a Star, whats: 


II. 


and ſetting Ampli-| ' 


The nm WY p. W. GY 
N Parallax of the 
Earth, what. P. IV. p. 166. 

17 Maonvs, what. P. 


Anowazy, what,” P P. V. 
p. 165. 3 
ANTARCTIC Pole, What 3 
Circles, what. P. IV. p.261. 
W What. F. 
. ps | * 
Axis ps, what. P. IV. 
p. 253. | 

Axxrosci, what, P. IV. 0 
p-. 253+ 

Arnaiibu, what. P. w. | 


p. 164. | 
what, P, IV. 


Poe 

P. 105. 

ArrA RENT DisTANCE, Dr. 
BARRO 's Difficulty about | 2 
it ſolved, P. III. p. 351. ä 0 

Arranzur Mor len, the 

apparent annual Motion of 

the Sun accounted for. P. 
IV. P- 151. Another Way 
of accounting for the ſams. 

| WP 160, in the Notes, 

. 


_ IS nul a — 
3 "mm, 
—— 4 k 


_— — ( D• 
— — 


TL — Of Mars, Jupiter and Saturn 


wo ASCENSIONAL Due, 


_ 


15 —Of Mereury and Venus ac- 
counted 70. P. IV. p. 174. 


accounted for. P. IV. p. 182. 
—Of Jupiter and Saturn's 

Satellites accounted for. P. 

IV. p. 


n 


| 209. 
-APpARIT1ON, Circles of per- i 


ul Apparition, what, P. 
p- 260. / 
APPEARANCE of Bodies ſeen 


through Media of different 


. Forms. P. III. p 
—Of Bodies 3 "Light 
reflected from 


"Diherical Sartre. P, DL. i. 


pP. 24—39 . 5 
 AxrcTic Poles, whit; Cir- 


cles, what. P. IV. p. 251. 


AREAS, deſcribed by reyolv- | 
ing Bodies, proportionable 


to the Times. P. I. p. 64. 

Ascn, what. P. IV. p. 252. 

Asckxsion, Circles of it, 
what. P. IV. p 


249. 
Ri W 2 n What. P. 


Oblic ue * ie 
P. IV. p. 259. 


what. P. IV. p. 2 5 
Ascent of Fluids in 'Capilla- 


'ry Tubes. P. II. p. 152— 


_ 367. 
2 3 N not ſuffeient- 
accounted for. Various 


3 concerning them 


examined and confuted. . 
II. p. 226. 
ATMOSPHERE, 3 P. II. 


1 * D 


1 
; 


| | Manners of. 


* 


E x. 


That its Wan may be th 
termined by. the Duration 
of the Twilight, an erro- 
neous Opinion, P. IV. p. 

in the Notes. 
ithout it all Parts of the 
eee even in Spite f 
Sunſhine, Would be quite 
dark. P. IV. p. 236. 
The e Bots appear 
ovens b In CG 
0 it . „ an . 
5 p. 345 
ATTRACTION, diftin iſh'd 
into Coheſion and Gravi- + 
tation; each Kind proved 
from Facts; its Laws and 
Action. P. I. 
p. 12—18. 
Arguments to ſhew, that 
the Planets are retained in 
their Orbits thereby. P. IV. 
p. 26 | 35 
B. en not to be a 
mechanical Cauſe. Preface, 
Note b. p. VIII. 
AuRora BoRRAL Is, a full 


one, which was ſeen March - 
6, 1715; the general Phæ- 

nomena of it; a Solution 
of each Phænomenon of it; 

Cotes, Halley's, Mairan's, 

 Maier's Solutions & it. 
Notice of. it b 7 % 
"Wag © "HP 


Seneca _—_ iftot | 
P. 24 Now known + 
SNL f. South- 


to exiſt 410 in hi ö 
[ p. 253. 
in the Notes. 


ern Latitudes P. 
Fun FULMINANS, its - 


Tak Height. P. IL, p. 24 


9 | 


* 


Account of that remarkable 


I N D E X. 


| Compoſition and Effects. 
P. II. p. 241. in the Notes, 


"ter, in which the Scale of 
Variation is infinite. P. II. 
201. Another of the Au- 
thor” s, in which the Scale is 
alſo infinite. P. II. p. 206. 
Axis of the Earth, What. P. 
IV. p. 246. 


The . \ IN of the Axis 


of the Sun, and of ſome of 

' the Planets to the Plane of 
the Eeliptic. P. IV. p. 132. 

in the Notes, 8 

Situation of the Moon's 


Axis. P. IV. p 
Axrs of a Circle. p. 19, P.24 2. 


Axis of the Ecliptic P. Iv. p. 


881 the Earth, not Wl 
| 1 to itſelf. P. IV. 


Aten, What. P. 7 


8 e what, P. IV. 


POT 


— 
9 * 4 
4 4 ” - © 
. . Lp N 


JAROMETER, its 'Cob- 
ſtruction. P. II. p. 179. 
Tinus, his Hypotheſis about 
1 H. 2 7 
ens, his Experiment 
1 a Tube 75. Wong 
long. P. II. p. 1 
Its Uſe in determining the 
tot 15 Mountains. P. 
8 Ute in foretelling the 
Allteration of the Weather. 


#5 Ts AUTHOR, his Barome-|. 


— 


b. II. ak 17 


. 


Dr. Halley's. Resi on 5 


185. 

Reaſons for its being low in 
wvindy Weather by the lame. 
P. II. p. 187. 


The Ae Reaſon fie | 


the ſame, P. II. p. 188. 


 Leibnitz's 7 Jpot l con- 
futed. P. II. p. 1 ; 
Patrics Ober watiens on the 


Des Cartes, his 
F. II. p. 196. 
Horizontal or nn 
Barometer. P. II. p. 
Diagonal Barometer. 


| au- P. II. p. 19a. 
Barometer, 


' 


— Wheel Barometer. 
P. II, p. 198 


5 s Marine Barometer, 


W nec Barometer, 
A the 2 s 185 
8 is fahne. F 
122 | 
Another of the Author's, ; 
in which the Scale of Va- 
riation is alſo infinite, P. II. 
2 206. 
ortable Barometer. P. II. 
p. 209. 
BLAckNess, the Abſence 1 
all Colour. Vol. II. P. III. 


| Bop," its eſſential Properties. 
TheQualicationsinBodies 
neceſſary to diſpoſe them to 


riſing and falling. P. II. b. | 


% 


Riſing and Falling of it, 


Vit. 


II. p. | 


- 
n 


adv ———_ 


reflect Rays of different Co- 5» 


C 2 leu. 


* 


- 


5 outs; Yall II. P. II. p. 80. 
Sir {fag Newton's Conjec-| 
ture about its conſtituent 
88 Vol. II. P. III 


1 BE of its Qpa . . 
Tranſparency. U. 


III. p. 60. 


Lighter at the Ih of 
the Earth thanat the Poles, 
on a threefold Account. p 


Dr. B his Notion 
2 r P. II. p. 


a oa the Sea in 
N accounted | 
Go P. II. p. 224. 


4 2 | 
MALENDAR us Ceſar's 
Cam it, P. IV. 


_of it. P 
e 
Vol. II. P. III, p. 116. 


CANCER, Tropic of it, what. | 


P. IV. p. 281. 
 CaenLary Tubes, what ; 


K. 1 Phenomena ſhewn to 

be owing to the Attraction 

of Co 
of a Fluid being made to 
circulate by Virtue of a 
Capillar r/ 'ube, P. II. p- 
152—1 

Caine Tropic of it, 

What. P P. IV. p. 281. 

Canvivar Points, W. | 


IV. p. weld nf '1 


1 Dns n his 17 — 


* 50 | 
oe Crappy, hs his Agron | 


jon; the Abſurdity | 


1 N D E X. Pg! 


of the Horizontal 
P. III. p. 357. 
CAATESIAN otion mg : 
| Yd confuted, P. II. p. 
22 
113 of Li it confuted. 
P. III » Þ». 455 
pern of ravity, what, 


—Of Rr . what. P.1. 
561 Motion, what. K. I. 


be Gkilastion, wht © * 


3's 


—Of N what,” and 
wy determined, P. I. p. 


8 | and Centii- 


fugal Forces, thei r Nature 
explained. P. I. p. 61. 


he effects of thang lar 
ſet forth and demonſtrat 
FP. IV. p. 324. to the 28 
Ell. great; leſs z paral- 
lel; the Poles of it; Axis 
of it; Secondary of it; 
fixed; moveable; of Afe 
cenſion and Declination j 
Hour 8 tropic and 
polar Circles; arctie and 
| n 1 pf od per- 
petual Apparition, an 
_ Occultation. P. TV. 
he exact Adj aſtment be- | 
tween a reset and _ 
- tral Force, neceſſary that 
teyolving FR ſhould 


La 
re- ; 


Coxouns, the C 


1 N DE X 


retained thereip, P: IV. * 


326. 
cage, what. 8 IW. p. 
Conxston, A of it, | 


The Prat =: 12. ** { 


Not Eibe Cate 
Preface, Note . 

uſe. of the 
Vari of them. Vol, II. 
Ye Gul; Hattens in Bodies 


which N. them to re- 


3 ys of different Co- 
rs. Vel. II. P. III. p. 53. 
Cours, their Nature and 
Motion; the Opinion of 
the Antients concerning 
them ; their apparent Mo- 


tions accounted for; the | 


Form of their Tails ;. Sir 
' Tſnaac Newton's. Opinion 
concerning their Tails; a 
Conjecture of the Author's 
concerning them ; the Me- 
thod of inveſtigatin their 
apparent Courſes. P. IV. 
214—228. 
The Form and Poſition of 
their Orbits. P. IV. 138. 
CoMMUNiICATION of - 
oy in Bodies not elaſtic. 
p. 68. 


In: Rods wins P. I. 


. A 0g | Points of it, 
what, P. IV. p. 51 
N. its ule, 
1 FOR: 


ConjuncTion Inferior and 
- ſuperior, what, P. IV, 

p. 174. | 
cone VENTIA, Motion in 


it, P. IV. p. 172. 
e what. 48 


Have forl on: Divi be 8 


Pl ” 
| En, pf 6 ame 


in the Notes. 
Conmneve — 


3 | 
 Cogmicas Riſing and Set 


b ting of the Stars. P. IV. , 


p. 261. 


Dran 17.5 p. 235. | 


is Prophacy 


. P. d. 5 V. p. 151. 


M 


ITT: Borealis. P. II, p. 


G 
aocounted for. P. IV. p. 


; | 
"That the Height of os | 


Atmoſphere may be deter- 


- mined by it, an erroneous 


Notion. P, IV 


. * in 
the Notes. 1 ** 


CHRONOLOGY, the Elewents 


of it. P. IV. 
CULMINATION * a 
what, © IV, P. 255 
CycLxs, of the ſeveral Forts 
of them. P. IV. p. 309. 
.Cycrotn, its Deſcription, p. 
I. p. 32. 


2 nen Lp. 35— ö 


D. 


- OS III 7 ey At} 


1 o E x 


* „ 
1 - 
2 < 
. 5. | 
| . 


Yays and Nights, Weir 
Variety in Point of 
| "Loſs, accounted: for. P. 
7 —Of the 


— 


- FE A gg P. IV. Na 
Duc xATIox, what, P.TV 
p. 248. 
DonEx, the Nineiieth, what, | 
At — Poles 1 bo er than at 
the Equator. p. 

Whoops ws of a Star, what. 
P. IV. 255. 


DränAu meaſured the Ve- 
3 of Sound. P. II. p. 
I 

95 Des Carres, its Barometer, 

P. II. p. 196 

Dr. DxsAC LIE Rs, his Opi- | 

nion concerning the For- 

mation and Aſcent of Va- 

pour, examined. P. II. 229. 
DRScEN H of Bodies on ob- 

lique Planes, P. I. p. 28. 


; Dew, the Colours of the 


Rainbow ſeen in it. Vol. II. 
l.. 


DriaconaL Barometer, de- 


"ſcribed, P. II. p. 197. 


primary Planets. P. IV. p. 
130. 

| 8 aſcenſional, 
what. P. IV. 259. 
D1sTANCE of an Object, 


how judged of by the bye. ; 


Fe III. . 301. 


' 


SW; whence thei If 


Ton Disraxcz of the Sun lng 


primary Flanets. P. IV. p. "of 
$6. 
—Of the Moor from "the 
Earth. P. IV. 
—Of the Satellites = of Þ, 
and Saturn from their 
ters, P. IV. p. 135. 
|Pivieranery of Olay! the 
\. Meaning of its Infinity ex- 
| * plained; its Infinity de- 
monſtrated; how far Mat- 
| ter is aQtuall diviſible, con- 
ſidered. P. "br 79. 
Drukxu Al Nokon of the 
heavenly Bodies, account- 
ed for. P. IV, 149. 
Docrziv of | the Sphere, 
treated of. F. IV. p. 241— 
"IDF; - 
 Dominicar. or Sunda Let- 
ter, on What its Altera- 


wig is founded. * IV. 


. p. 310. 


| 


| 


Boy DrameraRs of the Sun and 


DxaGo's Head and Thi, 
What. F. IV. p. 192. 


| | | ; | 2 E 
, * 
— 
4 * t. 


ARTH, its Ai who ; 
its Poles, what. P. IV. 
p. 246. | 
The Poſhbility of its nr : 
inhabited quite round, F. 

IV, p. 125. 

Its Diameter; Diſtance fin 
the Sun ; its periodical Time. 
and Rotation about its Axis, 
P. IV. p. 1 30. in the Votes. 


Its annual Parallax, What. 


* | Ine 


1. N D. BK. 


les Axis not alwa 
to itſelf. P. IV. 


its Circumference. P. IV. 
p. 256. in the Notes. 

105 Fo rm that of an * 
Spheroid. P. IV. p 

Its Spheroidical Fig igure NN. 


Armed by Pend ums. P. 


IV. p. 396. 
That it is more denſe at the 
Centre than at the Surface, 


obable. P. IV. 
| Bodies lighter at ba 7 8 


tor of it than at the Pole on 
a threefold Account. P. IV. 


p. 397 


stig, the Rule for finding 


it explained. P. IV. p. 
EzpinG and Flowing of the 
Sea, accounted for. P. IV, 
p. 382. 
Echo, the Nature of it ex- 
© plained. P. II. p. 147. 


.EcLiests of the Sun and 


Moon, with their ſeveral 

Circumſtances, accounted 

for. P. IV. p. 202—209. 
Of Jupiter and Saturn's Sa- 
tellites. P. IV. p. Th 
EcTIIr ric, what. P. IV. 


p. 152, and 2433 its Axis, 


what; its Poles, what; its 
Secondaries, what ; Signs 


of it, what. P. IV. p. 243, E 


244. 
n the Air. P. 
p. 131. | 


Sir Iſaac Newton's Opinion | 


concerning its Cauſe, p.133. 


A * OR; by Heat, and | 


x 


i 


The Method as 1 | 


| 


dimioiſhed by Cold, p. 
Exicraictty, 3 oper 
ties of it. Pers 
Exzrarionoftle ole, what. | 
P. IV. p. 256. 

ELL1es1s, Fi. 6 of Tv: 
pi. 133. in the Notes. 
ELoxGATION, What. P. * A 

p. 181. 
Eracr, what, P. IV. p. 276. 
Eroch, what. P. IV. p. 37. 
N of a Planet, what. | 

IV. p. 165. * 
Fes what. P. IV 5. 
24 % 
e what, P. IV. 


has what, P. W. p. * 
and 249. 

— points, their Preceſſion, | 
What. P. IV. 7 
Points, their Bok ac- 
counted for. P. IV. 6. 
—Colure, what. P. V. 


ae Pate of 4. 
p. 7. 
W what, P. IV. 

p. 133. in the Votes. 


t the Moon's Orbit. b. 192 


IV. p. 135. in the Notes... 
How great in the Orbit of 
each primary Planet. P. IV. 
p. 134. in the N i 
X TENSION, ro 
Body. P. I. EA 1 
Eyk, hl. l of it. 
P. III. p. 123-12 

Why blind vi Neben to to 


[ N placed before it in 


Co Cer» 


Eo Finz TATION, 


ro n 


een Point. * III. 
75395. 
| 'F: 
| Pers Bodies, tbeit Por- 
omena accounted 
133 24. 


whence. it ariſes; the Opi- 
nlons of Freind, Keill, 755 


Vorrunde about it; the 


Manner in which it is to 
be accounted for. F. II. 
p. 266-272. 
gens of foo heavenly Bo- 
- p. 391. 
12 * eaſy Reflection and 
Tae not os Cauſe 
of the Reflection of Ce 
Vol. II. P. II. 5. 
b 
II. 


Fr Aus, why 55 5 

burning Mountains. P. 

n . 
I. p. 7. in the Notes. 


FrviITY, the "ROE of it. 


P. II. TY 
FLvips, bile they a& upon 


each other r Preſſure; 
how ery 2. H. 


|  JOS—127. Eg 
Fre, Refitance. P. I. 
139. Nog | 
Fuss Abſurdity of their be- 
dog made to circulate by | 


Ip" of a Capillary Tube. 
P. II. p. 166. in the Notes. 
Forces neceflary to retain re- 


Bodies in circular 


und Orbits. P. IV. 
8 


for. P. 


] 


| 


| 


: 


1 


1 
> 


Fountains, their Ogi ein; 
Ari iflotle's, Des Cortes 's, 
Varenius's, 85 es 4 27 
Halley's Opinion 
P. II. p. 168171. TM 

heir Neciprocation * | 
counted for. P. te by” 

Fzx1iGiD Zone, what. 

p. 352. 


G. 
Ge ors 


Ge Horizon 
L p- 3 Ts, 
Goc N TRI vb 
p- WT 
GLopss, hole. n 
and Uſe. P. IV. FA | 
| Problems on "wa * 
277—2 : 
E297 RO what, P. 
IV. p. 313- . 
GRAVITATION of Matter, 
its Laws and Manner of - 
aQin 57 the Senſe in which 
the Word is uſed in Philo- 
ſophy. EE 15—18. | 
Demonſtrated not to be a 
mechanical Cauſe. Preface, 
Note, b. |" 
F . What. P. 


p. 1 
Grxoory Pope) his Refor- 
2 ol the Calendar. P. 


. 


» 
© % — 
* — 

N. 


#. 4: 


A deaf it. 5. 


8 @ _- 
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Looking-Glaſs; Vol. II. P. 


III. p. $6; in the Notes. 
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nn lucid, Spot, 


HyprosTaTiICs, the Intent a 


19,2 — what. p. W. 


r, when a ſingle Ob- 


D d flected 


ROY 
as 


CO I 


— — 


155 5 Ixcinzxck, that the Sine ef 


1 N D EX 


begcuvyu. Vol. II. P. III. 

p. 64 

138 a Property of 
Matter. P. I. p. 7. 


the Angle of Incidence bears 
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130. in the Notes. 

The Situation of its Axis. 

P. IV. p. 132. in the Notes. 

The Excentricity and In- 

clination of its Orbit. P. 

IV. p. 134. in the Net, 

The periodical Times 12 
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Des Penh $ Notion of it, 


confuted. P. III. 278. 
The Refraction of it, ac- 
counted for. P. III. p. 279. 


The Law of its Refraction 
demonſtrated. P. III. p.287. 
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Moon, ſeveral. Opinions con- 
_ cerning the horizontal 
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EN Aſcenſion,” What. 


Forces, Welt Effect. P. J. 


Fiat. the Deſbent of Bo- 
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The -Excentricity , of its 
2 and the Inclination 
| 32 31 iv. Orbit to 
the Ecliptic. p. 134. 
in the Notes. 8 * 
The Form and Indinackes | 
of its Ring, and the Incli- 
nation of the Orbits of its 
| Satellites. P. IV. p. 137. 
Its apparent Motion ac- 
counted for. P. IV. p. 182. 
The Method of determin- 
ing its Diſtange. P. IV. p. 
186. in the Notes. 
"The Appearanceof! its Ring. | 


The 8 Times and 

Difſtances of its Satellites. 
„IV. p. 135. in the Notes. | 

The: apparent Motions, 

| .clipſes and Occultations of 

its Satellites, accounted for. 
P. IV. p. 2 {pv Rr 

'ScaLE of Variation in the 
Barometer, infinite. P. II. 
p. 201 and 206. ; 

Screw, its Properties. P. I. 
p. 84. 

SEA, in Ebbing and Flowing 

| accounted for. | Fi IV. P · 

$5 

8 us of the Year account- 


ed for. P. IV. p. 153. 


* ee for another 
iter and | 
upiter and | 


Way. P. 


the Notes, 


IV. 1 9 
11 8 


L 


N D E K 


Sieenb nine of a Circle, 


what, P. IV. p. 242. 
—Of the Ecliptic,” what. P. 
IV. p. 243. 
SECONDARY Planets. * 
Moon, and Satellites. 
SEMITYCHONIC Syſtem, de- 


ſeribed. P. IV. p- 129. in || 


the Notes. © 


Sitoms of the Ecliptic, what. 


P. IV. p. 244. 


SHORT-$IGHTEDNEsSS, the 


Occafion of it. P. III. p. 


34. 
Ml of the Ecliptic. P. IV. 
144. and 244. 


Sky, its Nature. P. IV. p 
3 


Snow, the Cauſe usually af- 
ſigned for it. P. II. p. 236. 
SOLAR Syſtem” deſerided: P. 


IV. p. 127—140. 


| Sox.1prTy, a Property of \ 


Body. P. I. p. 7. 


: SOLSTICES, what. P. IV. p 


162. 


| 
- Sorsririar Colute. P. IV. 


38: and 249 ** 


249+ 


SOUND, how communicated 


to the Ear. P. II. p. 142. 
Its Velocity, how com- 


puted. P. II. p. 146; in the | 1 


Notes. 
rede, Trumpet, the Na- 
ture of it. P. II. p. 147. 


SPECIFIC Gravity, what, P. 


II. 


p. 
' SpyurRE, tho Doctrine of i it. . 


PIV. p. 9 


Oblique FI P: IV. „ 


258. 

" Parallel Sphere. P. IV. „ 

258, 259. 

Right Sphere. P. IV. 
„ 
| SPOTS of the $y and 9 
the Motion of the Sun and 


Planets round their Axes 


IV, p. 133. 1 
Sen ths. See Fountains. | 
STARS, fixed ; why fo called; 

why, they appear larger to 
the naked Exe than with a 
Teleſcope . IV. p. 141. 

Their 5 into 


Of numbring and N ee 0 
them. P. 1 14 2 
Old ones banith, 4 = new 
. ONES appear, P. IV. & 147. 
> Sir Iſaac Newton's C 

ure about this; the 2 


. „0% CO 8 & 


x 
— 


Stars thou ht to be ſo many 
. P. IV. p. 148. 
Their Diſtance, and the 


F.. 


The Laie and La 
* tude of a Star, what, * 


IV. p.243- 

Their Altitude, Depreſſion, 
ulmination, Azimuth and 
| 33 2 5. 255. 
1 

| The Right Aſcenſton, 

What. P. IV. p. 259. 

Sri x, old and new, What. 


p. 307. 


4 


„ 


42 


determined by them, . 


Claſſes. F. TV. p. 142... 


1 i Method 1 computing ic. —— ; 
Oints. FT IV 1. 163. and 0 —_ 


* 


. Swicinigo, ſolved. 


CODY 


* - 


"AY 2 No *4 


* 4. 


| Sun, its N 3 | 

from the Earth, and Time 
its | 
Axis, P. IV. p. 130. in the 


9 its Rotation ahaut 1 


ONES. 
Incl nation of i is 
bes of the Kalb. 
oY . MT * 132. in t The 
LES 
Its apparept Motion ac- 
count 


dr than in Winter; the Oc- 
caſion of this. P. IV. p. 165. 
N 


IV. p. 174. 
FE refleQin A. 


fracting. See, Li 
'P, II. 
3 


8 PV. 5. 1 what. 


I * 

Bri TE 4 „ 
” e Tychonic,, v3 
| Ponds, deſcribed. 

W. p. 1 


P. * p- 138. in e Nos: 
b Pe, 


SES Ti; . Newton's Opinion | 
of them examined; with a 


Conjecture of the Author” $ 


concerning them, P. IV. 
P. 218. ; 


. Tirxscorgs, a modern In- 


vention, Vol: Il, P. III. 
* 1 


29. 
The Copernican defended, 


for. P. IV. p. 151. 
Farther from us in Summer, 


FI 25 the Comets, Sir | 


1 


e. 


— 


rag 


Fn 
Vol. II 


6 31 
I. P. U 
A 


2 of * 
gorts of 


1. i © * 


Tran | 2580 es 
P. IV. p. 252. 


Tzxpzxcy of hęavy Bodi 
not towards the Center 0 Cemer of 


1 ng + | 
E 


The Cauſe of on it; th 

. N 85 i: to 
u ts; the 

ner of. or it 0. 

tance of it. p- 241 

es 

ro quation of it, 


wh true- and. appar 
what, P. IV. p. 2 e 


The Diviſion, 1 be” 
p. 297—320, 


„ rohes his. pass 


of the Barometer. F. 1. 
185 179, ; 
onnin Zone, what, P. IV. 

p. 251. 

TRADE. Winds, accounted 
'for, P. II. P. 1a 
Their Cauſe, P. II. p. 

 Accounted for by Dr. Hate 
ley. P. II. p. 13—15- N 

| * by os to arife 
from 


INDEX 


tion, p. 223. 
| TAN N 
Ne Vol II. us 


250. 
OY P. IV. 


A what. P. IV. 


2 the ; Cauſe, of i it. 
The Bu « Bri 237» 


7 of it, vatj- 
| p. 23 
That — Vid of the 
Amoſphere may be deter- 
3 u. by N 1 erroneous 
6 tion. - p. in 
"the Notes. 53 
Trenonic Syſtera deſcrihed. 


P. IV. p. 149. . 
v. 5 


n what. p. I. 
P- 10. 


The Exiſtence of. it Jenied 
by the Cartefians. P » . 


Tes Exiſtence proved. P. 


EF of 
Vikas: their Formation 
and Aſcent not' ſufficiently 
accounted for; the Carte- 
Notion of them, cou- 


futed; Nijeuwentyt's Notion | 
P. . | 


of them, confuted. 
226. 
hem 


oft generally received 


Opinion of them, confuted. | 


Fo II. P · 228, 


the Moon's. ae s 


P. IV. 
Paee 5 


Ds. Deſagaliers 8 Opinion 
examined. P. II. 
| bas Cauſes Ling is 
for their fal 


Snow, and 
23A. 
Vila rion, r what, 


computed. P. LI. p. —5 
2 Rent 


Nates.. 
Vix.ocirins. of Bodies, de- 
ating, along CurveLines. 
L. p. 43. 


1 8 


dical Times, Rotatiomabaut 
its Axis; Inclination ah ity. 


liptic; the Excentricity 
of its Orbit and the Incli- 
nation of its, Orbit to the. 
Plane of the Eeliptic. R 
IV. p. 130—134 in the 
Mete. 
Its apparent Motion ac- 
counted for; its inferior 
and ſuperior Conjunction, 


what; why ſometimes our 
| Mornibg, 


Elongation ;, the Hoes 
determining its 
from the "Nom. P. W. p. 
175, 176. 


p. 179. 
VIXTICAL Circles, what. 
P. IV. P» 254 · f 


7% 


Þ: 299. 


54 its Diameter ; Diſ- 
tance from thę Sun; perio- 


Axis to the Plane of the 


ſometimes our 
Evening ter; its greateſt - 


Its Phaſes explained, P. IV. 


* 
— 
n 


- 


— 8 a 


ate 
* 


I p. 2 


vomiting Flames. P. II. p. 
210, in the Not. 
* of Pendulum. 
Wl — lid. - P. I. p. 
3 what. P. I. p. 35 
VICTORIAN: Period, what. 
P. IV. p. 316: in the Notes. 
E the Nature of it ex- 
5 „P. III. p. 326. 
iſtinguiſhed into bright 


and obſcure, diſtin and | 


confuſed. * P. III. 
| Onion Tone, the 
PE PEE” p; 150; 


332. 


ure of 


. 


Vuxc AN 8, their Cauſe, P. 


II. p. 240. in the Notes. 


TALLIS, his Opiaion of 


* 
. 
. 


'zontal Moon. P. III. 
WEATHER-GLASS. $2 
rometer. 


| l its Properties P. I. 


Be Miftakes of ſome Phi- 
loſophers about it. F. Al. 


WIEEL and Aa, its Pro- 


1 
arometers, 
II. p. 196. 
WHITENESS, 2 Coin 
of other Colours, Vol. II. 


5 Mil: p. 49- 


1 


ee * 


0 5 Vzsyyivs, &s e Cable of is . 


4 


Tear, what. P. IV. p. 173- 


the Cauſe of the ow | 


| ins 13 


Wrrrznmc Gallery, the 
Nature of it. P. Il. p- 148. 
in the Notes. 

Winvs, their Origin &. 

counted for; Trade Winds 

and Monſoons accounted | a 

r. r .. 

Their Variableneſs beyond 

the Limits of the Trade 

i” ts accounted for. P. 

» 212—225, 

55 lley's Hiftory of them. 

P. II. p. zT wals. in n the 

Notes. | 


= x 
+ 
% 
A . 
-- 1 4 
v * 


AR, the Seaſons: of it ac - 

counted for. P. IV. p. 
153—16 1. p 
Annus Magnus, or the great 


f 5 a 


vr 


The 3 ports of its 

P. IV. p. 303. 

Eb. 5 * fo called: 7 
. . | F 


| os: i 
Zenn. what. P. IV. p. 


3 what; the twelve : 

Signs r P. IV. p. 

144 and 244. 

IACAL Lights, what, * 

p. 256. 

ZONE, what. P. IV. p. 257. 

—Frigid, what. P. IV. 
'P.IV. 


F 


: 


, # 


'— Temperate, What. 
p. 252. 


. 


